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Log amp uses capacitor-charging law 


Jayashree Raghuraman and Ajoy Raman, Aeronautical Development Establishment, 


Bangalore, India 


Figure 1 relies on the expo- 
nential charging characteris- 
tics of a simple RC circuit. The expression 
for the time, T, required for a capacitor, 
C, to reach a voltage (V,..—V,,) from OV, 
when charged through a resistor, R, with 
an applied voltage of V,., is V,,—V, 
=V,,(.-e T*°), where V, is a fixed volt- 
age. The expression for T reduces to 
T=RCIn(V,,/V,,), clearly showing an in- 
herent logarithmic characteristic. The 
circuit in Figure 1 demonstrates this 
characteristic, using a 556 timer. With the 
values shown, the first stage of the 556 
timer is a standard astable circuit oper- 
ating at a frequency of approximately 1 
kHz. The output of this stage acts as the 
trigger for the second stage. The second 
stage operates as a modified monostable 
circuit. In this modified configuration, 
the RC combination, R, and C,, charges 
from an external voltage, V,,,, instead of 
Vc: The control-voltage pin, CV2, has 
the value V,, minus one diode 
drop, V,. 
The monostable pulse width, T, then 
depends on the time required for capac- 
itor C, to charge to V,,, —V, through R, 
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A simple 556 timer depends on RC charging to form a logarithmic amplifier. 
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The circuit of Figure 1 produces a distinct logarithmic output. 
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with the applied voltage V,,. 
The output of the second stage, 
filtered through R, and C,, de- 


_ TAB 


pends on the first stage’s a3 
astable frequency; the supply 3 
voltage, V..; and the mono- 3.5 
stable pulse width, T. Because = 
V.- and the astable frequency ks 
are constant, V,,,,. is propor- z 
tional to T. Table 1 tabulates a 
the experimental results, and 6 
Figure 2 shows graphical re- ss 
sults. The circuit operation is 1s 


limited to an input range of 2.5 


Input voltage Output voltage Input voltage 


to 13V to satisfy the internal bi- 
asing requirements of the sec- 


Output voltage ond stage of the 556. The diode 
3.324 8 5.782 drop, V e is not strictly constant, 
3.667 8.5 5.861 because it varies with current. 
3.954 9 5.886 In spite of these limitations, 
4.227 9.5 5.945 Table 1 and Figure 2 clearly 
4.506 10 6.098 show a distinct logarithmic 
4.705 10.5 6.187 characteristic. 
4.956 11 6.204 
5.151 11.5 6.312 
5.315 12 6.371 Is this the best Design Idea in 
5.444 12.5 6.378 this issue? Vote at www.ednmag. 
5.615 13 6.476 


com. 


Extend the timing capabilities of a PC 


Martin Connors, Athabasca University, Athabasca, AB, Canada 


ing registers and under DOS, 
a PC cannot easily measure 
time intervals with better time resolution 
than a millisecond. Measuring long in- 
tervals with even this precision is a waste 
of many CPU cycles. A microcontroller is 
well-suited for this task; you can easily in- 
tegrate a PIC with a PC to extend the tim- 
ing precision into the microsecond range 
for periods from tens of microseconds to 
more than 24 hours. The flash-program- 
mable PIC16F84 microcontroller from 
Microchip ‘Technology (www.micro 
chip.com) is an inexpensive and widely 
used device. The precision timer in Fig- 
ure 1 requires only the IC, two capacitors, 
and a crystal and accepts direct input of 
timing data to a PC via the parallel port. 
The PIC16F84 draws only 2 mA and can 
operate from an output pin in the paral- 
lel port without a battery. You can as- 
semble the circuit on a small pc board 
with a male DB-25 connector glued or 
soldered to one end for connection to the 
parallel port, LPT1. In this example, the 
timing signal occurs when you block a 
photogate comprising a paired LED and 
a phototransistor. 
Listing 1 represents the timing appli- 
cation implemented, which comprises 


FE VEN WHEN YOU use the internal tim- 
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This zero-power photogate allows you to use a PC to generate precise timing intervals. 


two basic parts. The first part waits for a 
signal and starts a loop that checks the 
continuing presence of the signal and in- 
crements 32 timing bits while the signal 
is present. The second part transmits 32 
bits of timing information to an external 
device, using one data-output line and 
two handshaking lines. With a 4-MHz 


crystal, most instructions take 1 jrsec, so 
the timing loop is 5 psec long. You can 
run newer PIC16F84s with a 20-MHz 
clock, so, in principle, the timing loop can 
be 1 psec long. Port A of the PIC serves 
for the timing signal on bit 3 and for 
communication. A minor coding change 
allows you to use positive or negative log- 
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ic levels. If the timing signal is present at 
the start of the program, an error flag 
arises, with an output of 4 bytes of OxFE. 
A similar error occurs if the signal is pres- 
ent long enough (roughly a day) to cause 
overflow of the counter. DATO (data out- 
put) occurs through bit 0. The routine 
uses two handshake lines: VALID on bit 
1 from the PIC to signal the presence of 
valid data on the DATO line and SEND 
from the PC to bit 2, signifying that the 
PC is ready to receive data. This robust 
transmission method does not depend 
on timing characteristics in a critical way. 

Listing 2 (pg 76) shows sample C code 
for Borland Turbo C for DOS with a sim- 
ple timing conversion that doesn’t take 


account of the overhead of byte overflow. 
After the PIC times an event, it waits for 
the PC to signal that it wants to down- 
load data. The transmission protocol for 
transmitting 1 bit of data is as follows: PC 
SEND is low, and the PIC polls it. PIC 
VALID is initially low; the PC raises 
SEND and polls VALID. In response, the 
PIC puts DATA on the line. The PIC than 
raises VALID and polls SEND; in re- 
sponse, the PC reads DATA. The PC then 
lowers SEND, and the PIC lowers VALID. 
This operation repeats for 32 bits, start- 
ing with the lowest bit of the lowest byte 
and proceeding to the highest bit of the 
highest (fourth) byte. Although this 
transmission method is inefficient, it is 


robust, and the polling timing is unim- 
portant. The efficiency matters little, be- 
cause the method involves little data 
transfer. By referring to the listings, you 
can “step through” the process to see how 
the transfer takes place. Listing 2 in- 
cludes a test routine that allows you to 
supply a signal from the PC to test the 
circuit’s operation. You can download 
listings 1 and 2 from the Web version of 
this article at EDN’s Web site, www.edn 
mag.com. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 


3 
; hardware connections needed are as follows , ; 
} PC parallel port connections (see below for software aspect) INC3 incfsz BYTE3,F } incr BYTE3 if BYTE2 over 
} DATO pinll, VALID pin 10, SEND pin 2, SIGNAL* is not used but reserve pin 3 goto INCL 
; TRANS ON/LED_ON pin 4 are power output from parallel port goto INC4 ' ; 
; MCLR* is output from parallel port pin 5 causing reset if low INC2 incfsz BYTE2,F 7; incr BYTE2 if BYTE1 over 
; Vdd is output from parallel port pin 6 for power GTI1l goto INC1 
include "D:\pic\mplab\P16£84.ine" goto INC3 ' ; 
INC1l btfss PORTA, SIGNAL 7 Signal still on PORTA? 
CONFIG ( XT OSC & WDT OFF & PWRTE ON & CP OFF) goto SERIAL 7} if gone, transmit results 
a ~~ —— ~ ~ ~~ incfsz BYTE1,F ; incr&étest 
7 Equates goto INCL 3; if nonzero 
Bank0ORAM equ 20H goto INC2 7 if zero overflow to BYTE2 
DATO equ o ; . 
VALID equ 1 } three-wire handshake with PC 
SEND equ 2 ; byte data is shifted out on PORTA DATO lowest->highest 
SIGNAL equ 3 SERIAL 
} Variables movft BYTEL,W 
cblock BankORAM movwf BYTEO 
BYTEL call BYTOUT 
BYTE2 mov— BYTE2,W 
BYTE3 movwf BYTEO 
BYTES call BYTOUT 
BYTEO movf BYTE3,W 
COUNTS movwi BYTEO 
ende call BYTOUT 
; mov£ BYTE4,W 
org 0000H movwf BYTEO 
goto MAINP call BYTOUT 
org 0004H ; should never get here goto MAINP 
goto OVERFLO } error exit if INT 
MAINP BYTOUT movlw 8 
bsf STATUS,RPO ; select Bank 1 movwf COUNTS 
; PORT A detects signal on Bit 3, communicates with PC on 0-2 WAITS btfss PORTA,SEND ; wait for PC to allow send 
;} Bit 0 is serial data out (DATA) goto WAITS } if clear check again 
; Bit L is valid data indicator (VALID) SHIFC bef sTaTus,¢c } clear carry flag 
; Bit 2 is input from PC saying it is ready (SEND) rrf BYTEO,F } BYTEO into carry 
bef TRISA, DATO ; PORT A Bit 0 output (DATO) btfss STATUS,C + check carry bit 
bef TRISA, VALID 7 PORT A Bit 1 output (VALID) goto oUuTO ; Lf 0 output 0 
bsf£ TRISA, SEND ; PORT A Bit 2 input (SEND) goto OUTIL 7 if 1 output 1 
bs£ RISA, SIGNAL 7; PORT A Bit 3 input (signal) ouTO bef PORTA,DATO 
bef STATUS, RPO 7 select Bank 0 goto DEC& 
elrt BYTEL ouTi bsf PORTA, DATO 
clrf BYTE2 DEC8 bst PORTA, VALID ; valid data is now there 
elrf BYTE3 WAITL btfsc PORTA,SEND ; wait for send to be lowered 
clrf BYTE 7 all counter bytes to 0 goto WAITL 
bef PORTA, VALID ; lower valid 
bef PORTA,VALID ; no valid data for PC decfsz COUNTS 
goto WAITS 
btfsc PORTA, SIGNAL 7} signal must NOT be on now return 
goto OVERFLO } error exit if it is 
WAITI btfss PORTA, SIGNAL ; wait for signal on PORTA OVERFLO comf BYTEL,F 7 all bytes must be zero 
goto WAITI comf BYTE2,F 7 get to FF for all 
goto INC1 comf BYTE3,F ; which means error 
INc4 incfsz BYTE4,F 7 incr BYTE4 if BYTE3 over com£ BYTE4,F 
goto INC1 goto SERIAL 7 and output error 
goto OVERFLO ; if BYTE4 over, error exit 
END 
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LISTING 2—PHOTOGATE-SUPPORT PROGRAM 


#include <stdio.h> 
#include <dos.h> 
#include <conio.h> 
#include <process.h> 


/* SIGNAL* is net connected but reserve Pin 3 (D1) and A3 on PIC 
power to PIC through VDD_ON on pin 6 (D4) 
power to LED and transistor wiht TRANS ON/LED_on pin 4 (D2) 
MCLR* on pin 5 (D3) normally high 
NORMAL OPERATION with Power and not reset (i.e. go} OR with POWGO (0x1C) 
The MSB of the printer Status port (S7*) or Pin 11 is used as input data 
Pin 10 (86) is VALID signal from PIC that data is valid on Pin 11 
Pin 2 (D0) is SEND signal to PIC that PC is ready to receive 
HAS BASIC CONVERSION ONLY 5 microsec per step 


*f 

#define DELAY 320 /* timing delay 320 for 166Pentium, 4Mhz */ 
#define TIMES 640000*16 /* length of time pulse if used */ 

#define SIGNAL 0x02 

#@efine SEND ox01 


#define POWGO oxic 


#define BYT 4 
#define BIT 8 


/*total number of bytes of data */ 
/*bits in 1 byte */ 


void main (void) 

{ 

int dport_lpti, sport_lpti, bit, byt, columns, rows; 
unsigned char shift _reg[BYT] , temp; 

char c; 

long i,itemp; 

float tempus; 


/*Get LPT1 port addresses */ 


if(t(dport Ipt1 = peek (0x40,0x08))) 
{ printf("\n\n\nLPT! not available... aborting\n\n\n"); exit(1); } 
sport_lptl = dport_iptl + 1; /* status port address */ 


/* Initialize the Printer DATA Port both for timing and SEND=0 */ 
outporth (dport_lpt1, 0x00 | POWGO) ; 


/* Generate timing SIGNAL */ 
#undef USE_SIGNAL 
#ifdef USE_SIGNAL 


/* Generate timing SIGNAL */ 
#undef USE_SIGNAL 
#ifdef USE SIGNAL 
outperth (dport_lpt1, SIGNAL | POWGO) ; 
for (i=0;i<TIMES;i++) ; outporth (dport_lptl,0x00|POWGO); 
#endif USE_SIGNAL 
for(byt=0; byt<BYT; byt++) /* number of bytes */ 
for(bit=0; bit<BIT; bit++) /* bits / Switch */ 
{ 
outporth (dport lpt1,SEND{POWGO); /* raise SEND */ 
for (is0;i<DELAY;i++); 
/* poll VALID i.e. bit 6 of STATUS register */ 
while (1(inportb (sport lpt1)&&0x40)) ; 


/* Read the Status Port bit S7* which is input data */ 


temp = inportb(sport_lpt1) ; 

outporth (dport lpti, 0x00|POWGO); /* have data, lower SEND */ 
temp “= 0x80; /*invert bit no. 7 since port inverts */ 
temp &= 0x80; /*mask all bits except bit 7 */ 


/* Concatenate it in the variable */ 
shift _reg[byt] >>= 1; /* shift bit one right */ 
shift_reg[byt}] &= 0x7f;  /* make MSB 0 */ 
shift_regfbyt] |= temp; /* new bit in MSB */ 
for (i=0;i<DELAY; i++); 
} /* for(bit */ 
} /* for(byt */ 


for (byt=0; byt<BYT; byt++) printf ("Byte %d = %02K\n", byt, shift_reg[byt]); 


itemp=0; 

itemp|=shift_reg[3]; itemp<<=8; 
itemp|=shift_reg[2]; itemp<<=8; 
itemp|=shift_reg[1]; itemp<<=8; 
itemp|=shift_regi0}; 

tempus=5.0e-6*itemp; 

printf ("physical time %f seconds\n", tempus); 


printf ("hit key to end\n"); while(!kbhit()) ; exit(0); 


} 


Optocoupler simplifies power-line monitoring 


Alfredo del Rio and Ana Cao y Paz, University of Vigo, Spain 


HE USE OF a linear optocoupler 
and a capacitor-based power 
supply yields a simple, yet pre- 


TIL300 (°C) Vi, (V) 


cise power-line-monitoring system. 75 2.496 
The circuit in Figure 1 converts the 20 2.497 
110V-ac power-line voltage to an ac 22.5 2.498 
output voltage centered at 2.5V, cov- 25 2.5 

ering 0 to 5V. The circuit isolatesthe 275 2.501 
output signal from the power line. 30 2.503 
You can connect the output directly 32.5 2.504 
to an A/D converter. For other pow- 35 2.505 


er-line voltages, simply change the 

value of R,. For a power-line voltage of 
220V ac, use a value of 470 kO for R,. The 
input stage is a nonisolated block that 
uses the neutral line as a ground refer- 
ence. This block receives power from a 
capacitor-based power supply that pro- 


the I 


Pl 
put voltage, V.,.. 
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vides a stabilized 5V-dc voltage and a 
3.3V dc reference. The TLC2272 op amp, 
IC,, and the TLC2272 linear optocoupler, 
IC,, form a feedback amplifier in which 
current is proportional to the in- 


Resistor R, adds a de offset cur- 
rent to allow for both polarities in 
Vy: Phe match between the two 


TIL300 (°C) 


Vour (V) 


37.5 2.506 photodiodes in the IL300, IC,, en- 
40 2.507 sures that I,, is closely proportion- 
42.5 2.509 al to I,,. The output stage converts 
45 2.51 I,, to a voltage level isolated from 
47.5 2.512 the power line. Variable resistor 
50 2.513 VR, trims the overall gain, and VR, 
52.5 2.515 adjusts the output-voltage offset, 


which is nominally 2.5V. You can 

test this circuit using simulation 
the model in Listing 1 for IC,. Typical 
values for K, and K, (optical transfer ra- 
tios) are approximately 0.007. The glob- 
al optical transfer ratio is K,=K,/K,. Af- 
ter performing the simulation, you can 
build and test a prototype. The power 
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supply for the isolated block provides 5V 
dc and a 3.3V reference from an 
available voltage of 7 to 10V. You 
do not need the regulated 5V if that volt- 
age is already available in your system. 
An important goal in this design is to 
obtain a stable dc voltage at the output. 
This property is crucial for dc measure- 
ments of V,,.. Even if you suppose the ac 
power line to be free of dc voltage, some 
types of loads drain dc currents, thereby 
introducing a small dc voltage because of 
voltage drops in the ac lines. Thermal 
drifts in the output voltage stem princi- 
pally from drifts in K,. In tests of the pro- 
totype, the K, temperature coefficient 
was 470 ppm/°C. Table 1 shows V,,,,,.at 
different temperatures. The TLC2272 op 
amp has rail-to-rail output, yielding a 
wide output-voltage range, and low qui- 
escent current, simplifying the capacitor- 
based power supply. Because the 
TLC2272 is a dual device, you can con- 
nect the unused half as a voltage follow- 
er. When you monitor a three-phase 
power line, you'd use one and one-half 
TLC2272s. Note that the op amps in the 
isolated block, IC,, and the nonisolated 


100 470 pF 
1 kV 


IMonitor 
110V AC 


VMonitor 


DATA-PROCESSING 
SYSTEM 


By adding two ADCs and a microcontroller, you can measure power-line voltage and current 


parameters. 


LISTING 1—SIMULATION MODEL 


SUBCKTILION 123456 


BD 2 In DINanO2 
D2 19 20 © DINEW2 

Fl o3 4 VEEL o.007 
VEFI20 3 ov 

Fe & 4 YRF2 0.007 
VELF2a0 | av 

ENDS 


block, IC,, cannot be halves of the same 
chip; otherwise, yowd lose the isolation. 

The main specifications of the circuit 
are 5300V-ac-rms galvanic isolation, 
0.08% linearity, 470-ppm/°C thermal 
shifts in Vj,» 2° phase shift at 50 Hz, and 
dc to 1-kHz bandwidth at —3 dB. If you 
connect the output to a 10-bit A/D con- 


NONISOLATED BLOCK ——+—— ISOLATED BLOCK 


An isolated optocoupler circuit allows you to make dc measurements of the power-line voltage. 
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verter, one LSB is equivalent to 0.5V in 
the 110V power line. You can add a Hall- 
effect sensor to the circuit for current 
measurements. The LTS series from LEM 
(www.lemusa.com) is suitable for this 
purpose, because these devices operate 
from a single 5V supply and provide a 
2.5V-centered output. Figure 2 shows a 
system that integrates voltage and cur- 
rent measurements. The processor com- 
putes true-rms voltages and currents, ap- 
parent and active power, and power 
factor. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 


NOTES: 

IC; AND IC3=TLC2272. 
IC2=IL300. 

IC, AND ICg=TC55 RP 500201. 
ICs AND IC7=TC55 RP 330291. 
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Improved amplifier drives differential-input ADCs 


Stephan Goldstein, Analog Devices, Wilmington, MA 


DCs wit differential 
Pores oe [tiga] 
coming increas- 


ingly popular. This populari- 
ty isn’t surprising, because 
differential inputs in the ADC 
offer several advantages: good 
common-mode noise rejec- 
tion, a doubling of the avail- 
able dynamic range without 
doubling the supply voltage, 
and cancellation of even-or- 
der harmonics that accrue 
with a single-ended input. 
But the differential input 
structure doesn’t eliminate 
the frequent need for addi- 
tional gain between the signal source and 
the ADC. A frequently used gain stage is 
the classic, three-op-amp instrumenta- 
tion amplifier (Figure 1). This popular 
circuit offers excellent common-mode 
rejection and high input impedance. The 
circuit also has an output-reference 
(ground-sense) terminal, allowing you to 
reference the output voltage to a voltage 
other than ground. However, this circuit 
has a single-ended output (relative to the 


The classic three-op-amp instrumentation amplifier does not provide dif- 
ferential outputs. 


reference terminal), so it’s a poor match 
for a differential-input ADC. 

Figure 2 shows two easy ways to cre- 
ate a differential-input instrumentation 
amplifier. In Figure 2a, IC, and its asso- 
ciated feedback resistors are connected in 
parallel with the original output ampli- 
fier but with inverted polarity relative to 
the original circuit. The two outputs to- 
gether provide the desired function, but 
the circuit requires many matched resis- 


GAIN=24 SRE 
Rg 


(b) 


tors. Furthermore, the com- 
mon-mode reference input 
could require several mil- 
liamperes of drive, depending 
on the resistor values and 
voltages involved. However, 
the circuit does the job, and 
you can build it by using a 
high-quality quad op amp 
and a handful of resistors. 
Figure 2b shows a more effi- 
cient and elegant approach, 
using only the four resistors 
required in the original out- 
put stage. In this circuit, a 
modern, fully differential op 
amp, such as the AD8138, re- 
places IC, and IC, in Figure 2a. The am- 
plifier’s two outputs swing symmetrical- 
ly about its high-impedance, common- 
mode reference input. The differential 
outputs provide a clean, simple interface 
to a differential-input ADC. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 
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| AD8138 
+Vout 


The four-op-amp instrumentation amplifier (a) provides differential outputs but requires many matched resistors. A differential-output op amp (b) 


reduces the IC count in Figure 2a to three. 
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Circuit forms dc-motor switch with brake 


JB Guiot, DCS AG, Allschwil, Switzerland 


without speed control sounds like a 

trivial task; a switch or a relay 
should suffice. However, several prob- 
lems accompany this approach. 


C ONTROLLING A SMALL dc motor 


For one, the switch, because of 


the inductive load and the low starting re- 
sistance of the motor, tends to wear out 
prematurely (with all the related sparks 
and EMI problems). Second, when you 
cut the power, the motor continues to ro- 
tate for a certain time, depending on its 
initial speed and inertia. The circuit in 
Figure 1 can be useful for designs that 
don’t need precise control of speed and 
stopping position but can benefit from 
enhanced deceleration. The circuit com- 
prises two parts. Q, plays the role of the 
switch. D, protects Q, against inductive 
surges. Resistor R, keeps Q, off as long as 
switch S, is open. R, limits the base cur- 
rent of Q, when S, is closed. $, can be a 
manual switch, a relay contact, an opto- 
coupler, or a transistor. If you close S,, Q, 
turns on, and the motor runs. 

Q,, D,, and R, constitute the braking 


This circuit provides both motor-drive and 
braking functions. 


circuit. This circuit is similar to the out- 
put circuit of TTL gates. D, protects Q, 
from inductive surges. When S, closes, Q, 
turns on, and the voltage at Point A goes 
high (near V_,.). The voltage at the base 
of Q, is higher than the voltage at the 
emitter, because of the voltage drop in D.. 
If you open S, while the motor is run- 
ning, Q, turns off. The voltage at Point A 
is near zero. The self-induced, back-EMF 
voltage from the motor sees a short cir- 
cuit inQ,, whose emitter is more positive 


than its base and thus conducts. Short- 
circuiting the motor results in braking it. 
The higher the speed of the motor, the 
stronger the braking effect. 

You should mount the circuit of Q, as 
near as possible to the motor to reduce 
the series resistance of the wiring. This 
parasitic resistance limits the braking 
current and, thus, the deceleration. The 
circuit of Q, can be remote. The divid- 
ing line between the two circuits is at 
Point A. This design mounts the circuit 
on the tool-changer motors of small ma- 
chine tools, and it has worked perfectly 
for years. The values of the components 
are not critical. The transistors should 
preferably be Darlington pairs and, like 
the diodes, should be types commensu- 
rate with the power-supply voltage and 
the motor current. (Also, don’t forget the 
high inductance of the motor.) The com- 
ponents in Figure 1, for example, are 
suitable for a 24V, 3.5A motor. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 
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Autoreferencing circuit nulls out sensor errors 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


ure 1 nulls out the error of a sensor, 

such as a pressure transducer, at its 
reference level—for example, at ambient 
pressure. The circuit is an analog-digital- 
feedback control system that uses a digi- 
tally programmable potentiometer to 
provide the variability. The circuit in Fig- 
ure 1 is designed to accommodate a pres- 
sure transducer with a nominal 1V+50- 
mV output at ambient pressure and 
provide a voltage of 1V+1 mV. Amplifi- 
er IC,, is a summing/difference circuit 
whose inputs are the sensor’s output volt- 
age, Vong. a voltage shift, V..... of 100 
mV; and a correction voltage, Vopr: IC,, 
functions as a comparator, comparing 
the output voltage of the summing am- 
plifier with the ideal output voltage of the 
sensor, 1V. The logic output of the com- 
parator sets the direction for in- 
crementing or decrementing the 
potentiometer’s wiper, whose buffered 
wiper voltage provides the correction 
voltage, Voge: 

The potentiometer is a Catalyst 30-tap 
digitally programmable potentiometer 
with an increment/decrement interface. 
The correction voltage varies from 0 
to 200 mV and subtracts from the shift- 
ed sensor voltage. Mathematically, 
VV. = (V + Vouer)~ Vcorp Where 


OUT SENSE SHIFT 
OSV... 200 mV, V, =100 mV, and 


~~ " CORR 


T HE AUTOREFERENCING Circuit in Fig- 


SHIFT 


Autoreferencing circuit 
nulls out sensor errors 


Low-power keypad 
consumes only 100 nA 


Time-tag impulses 


with zero-crossing circuit. 


Circuit provides reference 
for multiple ADCs 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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0.95VSV,....<1.05V. The 100-mV, 200- 
mV, and 1V references for the circuit 
come from a 2.5V reference, stepped 
down by a resistive divider and buffered 
by voltage followers. IC,, implements a 
square-wave oscillator whose frequency 
is approximately equal to 1/RC—in this 
case, 10 kHz. You program the autoref- 
erencing circuit using the logic-input sig- 
nals OSC and CS. The circuit becomes 
disabled when OSC is low and CS is high. 
When the circuit is disabled, V_,,,, is at its 
last corrected value. 

The circuit becomes enabled and cor- 
rects the output voltage for a new sensor 
or different set of conditions when OSC 
is high and CS is low. To store the cur- 
rent wiper setting of the digitally pro- 
grammable potentiometer in nonvolatile 


a 74HC 132 


LM4040 
1.5V 


memory, first make OSC low and then 
bring CS from low to high. If power dis- 
appears and is later restored, the poten- 
tiometer goes to the corrected value 
stored in nonvolatile memory. The meas- 
ured error in the system is less than 1 mV, 
but better performing amplifiers, a high- 
er resolution potentiometer, and more 
accurate resistors can reduce the error to 
the low-microvolt region. This circuit 
uses three ICs and a handful of discrete 
parts and is an alternative, low-cost ap- 
proach to more complex autoreferencing 
circuits using DACs, ADCs, and micro- 
processors. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 
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This autoreferencing circuit nulls out output errors at a sensor's reference (ambient) condition. 
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Low-power keypad consumes only 100 nA 


Mike Mitchell, Texas Instruments, Dallas, TX 


keypads, one or more keys become 
“stuck” or are being pressed. For ex- 
ample, a cell phone in the bottom of a 
purse or in a hip pocket could have one 
or more of its keys inadvertently pressed 
and held down for a considerable period. 
Depending on the circuit design and im- 
plementation of the keypad interface, this 
condition could cause excess current to 
flow, thereby draining the batteries in 
portable equipment. The circuit in Fig- 
ure 1 is a keypad interface that solves this 
problem by using an ultralow-power mi- 
crocontroller. The circuit typically con- 
sumes 100 nA while awaiting a key press 
and consumes a maximum of only 2 pA 
if all keys are stuck or held down. An 
added bonus of the circuit is that it re- 
quires no crystal. 
The circuit uses the MSP430, IC,, be- 
cause it offers low power consumption, 
individually configurable I/O pins with 


0 FTEN IN THE USE OF PRODUCTS with 


interrupt on rising or falling edges, and 
wake-up time of less than 6 wsec. In nor- 
mal mode, port pins P3.0 to P3.3 drive 
the rows high. The columns connect to 
port pins P1.0 to P1.2, configured as in- 
puts with interrupts enabled and set to 
interrupt on a rising edge. The pulldown 
resistors hold the inputs low in the inac- 
tive state. The MSP430 then goes into 
low-power Mode 4, in which the micro- 
controller draws 100 nA. This state con- 
tinues indefinitely until you depress a key. 
The circuit is completely interrupt-driv- 
en with no need for polling. When you 
depress a key, the column associated with 
that key receives a rising edge, thereby 
waking the MSP430. The timer for the 
delay uses the internal digitally controlled 
oscillator of the MSP430, an RC-type os- 
cillator. The digitally controlled oscillator 
is subject to tolerances, so you use a de- 
bounce delay to yield a worst-case mini- 
mum delay of 25 msec. That figure trans- 


P1.7/TA2/TDO/TDI 
P1.6/TA1/TDI 
P1.5TAO/TMS 
P1.4/SMCLK/TCK 


100k 


lates to a worst-case maximum delay of 
approximately 86 msec and a typical de- 
lay of approximately 40 msec. This range 
is eminently usable for keypad-debounc- 
ing purposes. After the debounce delay, 
the circuit scans the keypad to determine 
which key you depressed. 

After you depress a key, the MSP430 
goes into a “wait-for-release” mode, in 
which it drives only the necessary row for 
the key you depressed. (Other rows 
switch low.) The microcontroller recon- 
figures the P1.x I/O to interrupt on a 
falling edge, and it again goes into low- 
power Mode 4 and waits for the release of 
the key. Again, the circuit needs no 
polling at this point. The detection of the 
key release is completely interrupt-driv- 
en, allowing the MSP430 to stay asleep 
while the key is held, thereby reducing 
current consumption. Once you release 
the key, the circuit again executes the de- 
bounce-delay routine. After the de- 

bounce delay, the circuit again 
scans the keypad to determine 
whether any other keys are be- 
ing held. If so, the wait-for-re- 
lease mode continues. When all 
the keys are released, the 
MSP430 reverts to “wait-for- 


P1.3/TA2 
P1.2/TA1 
P1.1/TAO 


press” mode. During the wait- 
for release mode, only one row 
of the keypad goes high, thereby 
limiting the maximum current 
consumption to the condition 
in which all three keys on a sin- 
gle row are pressed. For a 3V sys- 
tem, this condition equates to 
approximately 2 wA. Any other 
key press does not result in in- 
creased current consumption, 
because the corresponding row 
is not in a high state. You can 
download the software for the 
microcontroller from the Web 
version of this article at 
www.ednmag.com. 
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This keypad interface draws only 100 nA in standby mode and avoids “stuck-key” problems. 
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Time-tag impulses with zero-crossing circuit 


Elio Rossi, Itesre- CNR, Bologna, Italy 


tor” usually performs the time-tag- 

ging of impulsive events, which 
have a peaking time of the signal ampli- 
tude. The implementation of 
this technique requires a de- 
lay in the input signal of approximately 
the same amount as the signal’s rise 
time. You can attain this delay by using 
a coaxial cable of an appropriate length. 
For many applications, in which the rise 
time for impulsive events is 1 to 10 psec, 
you must consider alternative solutions, 
because of the length of the cable youd 
require. Figure 1 shows the typical out- 
put from a spectroscopic amplifier, 
where the presence of a large amount of 
detector noise with Gaussian distribu- 
tion is a limiting factor for system per- 
formance in amplitude and timing res- 
olution. The time-tagging of such pulses 
is subject to two well-known types of er- 
rors: the jitter related to the noise and 
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A spectroscopic amplifier produces differentiated signals (lower traces) in response to input 


impulses (upper traces). 


the “walking time” arising from the am- 
plitude variation of the signals. You can 
eliminate the walking time by differen- 
tiating the signal and detecting the zero 
crossings. The jitter is related to the 
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A discriminator and a zero-crossing detector eliminates “walking-time” error for impulsive events. 
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noise around the zero-crossing line. 

In Figure 2, an arming discriminator 
with a fixed threshold of 100 mV 
(5 eV eee) enables the IC,, a MAX- 
941 zero-crossing discriminator, via the 
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10 pF 5V, 1 mA 
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first half of IC,, an HC4538 reset- 
table monostable multivibrator. 
The propagation delay in these 
ICs allows enabling the zero-crossing dis- 
criminator when the differentiated signal 
is well over the baseline noise for the full 
range of the input signal. The positive- 
going output pulse from IC,, a MAX941, 
corresponding to the zero-crossing time, 
reaches the output with a fixed length of 
0.5 psec, set by the second monostable 
multivibrator. This second multivibrator 
resets the first and latches the MAX941 at 
the high output level until a new 
trigger arrives from the arming 
discriminator. In this way, you avoid spu- 
rious triggers at the beginnings and ends 
of input pulses. The upper-threshold dis- 
criminator output, with a minimum out- 
put length of 5 «sec, serves to “veto” the 
0.5-sec output and works even for high- 
ly saturated input signals. Because of the 
input configuration of the MAX942, it is 
necessary to reduce the upper threshold 
level to less than 2.8V. Figures 3 and 4 
show the timing sequences for 0.2V and 
10V input signals, respectively. 
You can obtain the same results 
using many different implementations of 
the circuit, depending on the ICs avail- 
able off the shelf. For example, you can 
substitute the MAX941 with a common 
discriminator and a CMOS analog 
switch to commutate the threshold from 
a positive voltage to ground. A single flip- 
flop then completes the circuit. This de- 
sign uses an amplification stage with 
back-to-back limiting diodes in front of 
the zero-crossing discriminator. Table 1 
shows the results, with comparisons to 
the shaping-time value of 3 wsec. You 
measure the walking time and jitter us- 
ing a pulse generator, preamplifier, shap- 
ing amplifier, time-to-amplitude con- 
verter, and multichannel analyzer. Figure 


haapedaned 


For 200-mV input, Trace A is the output from the arming discriminator, Trace 1 is the Enable signal 
for the MAX941, and Trace 2 is the signal output. 


For a 10V input, Trace A is the output from the lower level discriminator, Trace 1 is the Enable sig- 
nal for the MAX941, and Trace 2 is the output from the upper level discriminator. 
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These jitter histograms are for input signals of 0.2, 0.5, and 1V. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 


5 shows just three of the many his- 
tograms used to calculate the walking 
time and jitter results. 


TABLE 1- 


Shaping Peak 

time time C, C, 

(psec) (wsec) (nF) (nF) Jitter 0.1V,,' 0.2V,,, 0.5V,, Way Vin Vy 10V,, Walk 

1 2 0.47 0.33 o (sec) 0.249 0.145 0.06 0.029 0.015 0.009 0.006 0.06 jsec 

3 6 1 1 o (psec) 0.594 0.395 0.156 0.081 0.042 0.017 0.009 0.2 psec? 

6 12 2.2 2.2 o (psec) 1.608 0.939 0.372 0.195 0.096 0.04 0.021 1.1 psec? 

3 6 1 1 Amplifier 0.664 0.417 0.161 0.081 0.042 0.017 0.009 0.47 psec 
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Circuit provides reference for multiple ADCs 


Ron Gatzke and Tanja Hofner, Maxim Integrated Products, Sunnyvale, CA 


tems with multiple ADCs depends 

directly on the reference voltages ap- 
plied to the ADCs. Medical-ultrasound- 
imaging systems, for example, common- 
ly include a large number of ADCs in the 
system’s beam-former electronics, with 
the ADCs usually organized in groups of 
16, 24, 32, and so on. To obtain maximum 
beam accuracy, you must minimize er- 
rors in the ADC path. Poor accuracy of 
the reference voltages of the individual 
ADCs degrades the overall system accu- 
racy. Another source of degradation is the 
distributed load, which comprises many 
individual resistive and capacitive loads. 
Several approaches are available to pro- 
vide the reference voltage for such ADC 
arrays: 

@ Individual on-chip _ references. 
Though this approach offers a con- 
venient local connection to each 
ADC, it can result in relatively poor 


T« ACHIEVABLE ACCURACY for SYS- 
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matching among the converters. 

@ A single external reference voltage 
applied to all ADC reference inputs. 
Such a configuration allows you to 
engineer an external reference volt- 
age of arbitrary accuracy but incurs 
errors from the small variations 
among the internal ladders of the 
ADCs. 

@ An external reference directly driv- 
ing the ADCs’ reference-ladder taps. 
This option delivers maximum gain 
accuracy by directly controlling the 
reference voltage applied to each 
ADC ladder. However, it requires 
driving the relatively low resistance 
of the ladders. Moreover, some 
ADCs do not allow access to that in- 
ternal bias point. 


ADC ACCURACY 


In many applications, gain and noise 
level have a major effect on ADC accu- 
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For ultrasound applications, a single, low-noise reference circuit can drive as many as 1000 ADCs. 
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racy. The gain of an ADC is in effect the 
slope of its transfer function, which re- 
lates analog inputs to the allowable range 
of digital-output codes. One way to 
quantify gain is to measure the full-scale 
input range, which is a direct function of 
the reference-voltage level. For medical- 
ultrasound-imaging systems, variations 
in the full-scale ranges of the ADCs can 
cause errors in beam formation. The 
variations also affect the ADCs’ clipping 
point—an effect that may be important 
is certain signal-demodulation schemes. 
An ADC’s noise level determines its us- 
able dynamic range. This dynamic range 
should be as great as possible. The refer- 
ence-noise component of ADC noise can 
be additive or multiplicative. Local by- 
pass capacitors on the individual ADCs 
can easily filter additive noise. Multi- 
plicative noise, on the other hand, is more 
insidious. For ultrasound applications, 
reference noise in the audio-frequency 
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spectrum can modulate large “station- 
ary” signals in the RF spectrum. Such sig- 
nals arise from stationary tissue in the ul- 
trasound target. 

Audio modulation produces sidebands 
in the RF signal that a Doppler detector 
can demodulate, producing audio tones. 
To estimate the amount of audio noise 
tolerable in an ultrasound application, 
assume a nearly full-scale RF signal ap- 
plied to a 10-bit ADC such as the 
MAX1448. The device’s dynamic range of 
almost 60 dB equates to a noise floor of 
—60 dBFS (relative to full scale). You can 
normalize that noise level to a 1-Hz 
bandwidth. The Nyquist bandwidth for 
an 80-MHz sampling rate is 40 MHz. The 
correction factor is \/40 MHz=76 dB, 
which places the ADC’s noise floor at 
—60 dBFS—76 dBFS=—136 dBFS. Be- 
cause a conservative design requires the 
reference-voltage noise to be at least 20 


3V 


dB lower (— 156 dBFS), a 2V reference re- 
quires an extremely low noise level of 33 
nV p-p (approximately 8 nV/\/Hz). 

A multiple-ADC array may require a 
more accurate reference voltage than the 
one internal to each converter. The ref- 
erence voltage internal to MAX144x con- 
verters, for example, has an accuracy of 
+1%. The following two circuits are ref- 
erence designs for such arrays. They fea- 
ture a single, common low-frequency 
noise filter, and they offer high-frequen- 
cy noise suppression via local decoupling 
capacitors connected to individual 
ADCs. 


SINGLE EXTERNAL REFERENCE 


Multiple-converter systems based on 
the MAX144x family are well-suited for 
use with a common reference voltage. 
You can the REFIN pin of these con- 
verters to an external reference source 


For ultrasound applications, a precision, low-noise reference circuit can drive as many as 32 ADCs. 
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and thus eliminate the need for any cir- 
cuit modification. Moreover, the high 
input impedance of REFIN (even of 
multiple REFIN terminals connected in 
parallel) results in only a small load-cur- 
rent drain. Figure 1 shows a precision 
source, such as the MAX6062, that gen- 
erates an external dc level of 2.048V and 
exhibits a noise-voltage density of 150 
nV/\/Hz. The output of the IC passes 
through a one-pole lowpass filter 
with 10-Hz cutoff frequency to op amp 
IC,, which buffers the reference. The 
buffered reference voltage then passes 
through a second 10-Hz lowpass filter. 
IC, exhibits a low offset voltage for high 
gain accuracy and a low noise level. The 
passive 10-Hz filter following the buffer 
attenuates noise produced in the volt- 
age-reference IC and buffer stage. The 
filtered noise density, which decreases 
with frequency, meets the noise levels re- 
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quired for precision-ADC operation. 

Converters of the MAX144x family 
specify a typical gain error of +4.4% 
(better than +0.5 dB). This performance 
is better than the gain tolerance of all 
other building blocks in the signal path 
of an ultrasound receiver. Note that the 
circuit in Figure 1 ensures proper pow- 
er-up/power-down sequencing, because 
all active parts receive their power from 
the same supply-voltage rail. This ap- 
proach yields excellent gain matching 
and an extremely low noise level with 
minimal circuitry. The circuit should 
prove adequate in many applications 
that require multiple gain-matched 
ADCs. 


PRECISION EXTERNAL REFERENCE 


For applications requiring more strin- 
gent gain matching, the MAX144x fam- 
ily fills the bill. In Figure 2, connecting 
each REFIN to analog ground disables 
the internal reference of each device. You 
can thus directly drive the internal refer- 


ence ladders from a set of external refer- 
ence sources. These voltages can have an 
arbitrarily tight tolerance; the ADCs typ- 
ically track them within 0.1%. ADCs of 
this family have 4-kQ, resistance across 
the ladder’s reference connection, so it’s 
easy for the reference source to drive the 
load, even with many ADCs connected in 
parallel. IC, generates a dc level of 
2.500V, followed by a 10-Hz lowpass fil- 
ter and a precision voltage divider. The 
buffered outputs of this divider provide 
2, 1.5, and 1V, with an accuracy that de- 
pends on the tolerances of the divider re- 
sistors. The quad op amp IC,, selected for 
its low noise and dc offset, buffers the 
three voltages. 

The individual voltage followers con- 
nect to 10-Hz lowpass filters, which filter 
both the reference-voltage and buffer- 
amplifier noise to a level of 3 nV/\/Hz. 
The 2 and 1V reference voltages set the 
differential full-scale range of the asso- 
ciated ADCs at 2V p-p. The 2 and 1V 
buffers drive the ADCs’ internal ladder 


resistances between them. The load is 4 
kQ, divided by the number of ADCs in 
the circuit. As an example, 32 ADCs draw 
8 mA from the supplies, a load current 
that is well within the capability of IC, 
The gain accuracy of the configuration in 
Figure 2 can be almost arbitrarily tight, 
depending on the accuracy grade of IC, 
and the tolerances of the resistors in the 
voltage divider. The gain matching of the 
ADCs in such a configuration is typical- 
ly 0.1%. With a noise level below 3 
nV/\/Hz at 100 Hz, this circuit provides 
exemplary performance. As in Figure 1, 
the common power supply for all active 
components removes any concern about 
power-supply sequencing. 


Is this the best Design Idea in this 
issue? Vote at www.ednmag.com. 
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Motor-control scheme yields 
four positions with two outputs 


Jean-Bernard Guiot, DCS AG, Allschwil, Switzerland 


system. The position depends on a set of 
cams and four corresponding limit 
switches. The 24V-dc motor comes with 
a worm gear. Darlington transistors Q, to 
Q, and resistors R, to R,, form an H- 
bridge that drives the dc motor, M. 
Diodes D, to D, protect these transistors 
from inductive spikes. The outputs of the 
controller (not shown), connected to the 
Control 1 and Control 2 inputs, have 
open-collector structures that connect 
Control 1, Control 2, or both to ground 
upon activation. If you activate neither 
Control 1 nor Control 2, Q, and Q, con- 
duct, receiving base current through R, 
and D, and R,, and D.,, respectively. This 
action short-circuits (brakes) the motor. 
In this case, Q,and Q_ are turned off. Op- 
tocouplers IC, and IC, are on, thereby 
short-circuiting the limit switches, M, 
and M,. 


mechanical device into four discrete 
positions but with only two free out- 
puts and one free input from the control 


F IGURE | sHows how to position a 
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NOTES: 


D,, Do: 1N4148 

D3 TO Dg: 1N4937 

Ri, Ro, Ra, Rs, Ro, Riz: 10 kO, 0.25W 
R7, Rg, Rio, Rii: 3.3 kO , 0.25W 

R3, Re, Rig: 1.5 kO, 0.6W 


Q, Qo: 2N2222, 2N3904... 

Q3, Qs: BDX33C 

Quy, Qe: BDX34C 

IC; TO IC3: PC814, H11AA1, SFH6206-2... 


This simple circuit provides four-position motor control with two inputs. 
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Activating only one control input (for 
example, Control 1), if the cam does not 
push open the corresponding limit 
switch, E,, causes Q, to switch off and Q, 
to switch on with R, limiting the base 
current. Thus, the motor rotates until the 
cam pushes open limit switch E, (Posi- 
tion 1 in Figure 2). The limit switch, M,, 
has no influence because optocoupler IC, 
short-circuits M, when Control 2 is ina 
high state. A similar, symmetrical opera- 
tion occurs if you activate (ground) Con- 
trol 2. In this case, the motor rotates to 
push open limit switch E, (Position 4). 
To bring the motor to one of the middle 
positions—say, Position 2—you use the 
following procedure: 

1. With Control 2 high (not connect- 
ed), activate (ground) Control 1. The 
motor rotates until it pushes open 
limit switch E,. The bases of Q, 


CONTROL 2 


FEBRUARY 7, 2002 | EDN 99 


SUE 
8 deas 


through Q_ are all high. 
2. Activate (ground) Control 2. The 
bases of Q, and Q, switch low. (M, 


Eq 
a 7 
f Ma 
1 B 


— ——————avax—————— 


and E, are closed.) The motor rotates 
in reverse until M, closes. At this 
time, all bases are low. Q, and Q, 
short-circuit the motor to 
ground, thereby braking it to 
a stop. 

First activating Control 2 and then 
Control 1 brings the motor to Position 
3, the edge of cam M,. Otocoupler IC, re- 
mains on as long as the motor receives 
voltage. The output of IC, connects to a 
feedback input of the controller. Thus, 
you can control whether the motor is ro- 
tating or stopped through this input. F,, 
a polymer-based resettable fuse, protects 
the motor and the circuit against over- 


POSITION 1 POSITION 2 


= 
I | Ep 
POSITION 3 POSITION 4 


Cams operate the limit switches in Figure 1, producing four discrete positions. 


current conditions, such as a stalled mo- 
tor. You can mount the circuit in Figure 
1on small machine tools, such as a work- 
piece changer. The values of the compo- 
nents are not critical. The transistors are 
preferably Darlington types and, like the 
diodes, should have adequate ratings to 
accommodate the power-supply voltage 


and the motor current. (Don’t forget the 
high inductance of the motor.) The com- 
ponents in Figure 1 accommodate a 24V- 
dc, 2.5A motor. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Single switch controls digital potentiometer 


Chuck Wojslaw and Gary M Craig, Catalyst Semiconductor, Sunnyvale, CA 


tiometers in most today’s 
applications comes from 
controller-generated signals. However, a 
significant number of applications exist 
that require adjustments using manual, 
front-panel controls. The circuit in Fig- 
ure 1 uses one IC, one switch, and 10 dis- 
crete components. It implements the in- 
terface of a single DPDT, momen- 
tary-contact rocker switch to a DPP (dig- 
itally programmable potentiometer). The 
Catalyst DPP has a three-wire incre- 
ment/decrement interface. The tradi- 
tional way to implement the front-panel 
controls for potentiometers with this 
type of interface is to use two single-pole, 
single-throw switches. Switch S, reduces 
the front-panel hardware by half. The ac- 
tion of the switch is natural for the con- 
trol of increment-up/increment-down 
potentiometers. 
IC,, and IC,,, which implement an R- 
S flip-flop, control the potentiometer’s 
wiper direction—up or down. The out- 
put of the flip-flop reflects the up/down 
position of S,. The potentiometer’s wiper 
advances on the falling edge of the signal 


Te: CONTROL of electronic poten- 
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A single switch is all you need to control a digitally programmable potentiometer. 


driving the INC input of the DPP. The 
clock output of IC,,, drives INC. The 
clock becomes enabled when you depress 
the rocker switch either up or down. The 
RC networks at the inputs of IC,, de- 
bounce the switches. If you momentari- 
ly depress the rocker switch, the clock 
generates one pulse. If you continuously 


depress the rocker switch, the clock free- 
runs at a frequency of approximately 
YR,C,. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


www.ednmag.com 


SURE 
SS deaas 


Versatile power-supply load uses light bulbs 


William Sloot, Computron Display Systems, Mount Prospect, IL 


and designing power supplies is often 

a frustrating and sometimes haz- 
ardous experience. When you push large 
power resistors to their limit, they tend 
to burn benches and melt solder con- 
nections. Many electronic loads are on 
the market but are usually expensive and 
of laboratory-type precision and often 
represent overkill for the average de- 
signer. Incandescent light bulbs make ex- 
cellent loads, able to handle large 
amounts of power. Moreover, they come 
in small packages and require no heat 
sinks. Furthermore, because they light 
up, you obtain instant feedback, rather 
like an analog versus a digital meter. The 
drawback is that the resistance of an in- 
candescent lamp changes dramatically 
with the power input. The power into the 
load must therefore be controllable over 
a broad range, if the bulb is to be a use- 
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ful current sink. A simple approach to 
this control problem is to pulse-width- 
modulate a power MOSFET in series 
with the load. This design uses a four- 
rail, 1OOW supply with outputs of 5, 12, 
and +15V. For these voltage and power 
levels, 50W, 12V bulbs provide a suitable 
load. This application required three 
bulbs connected in parallel (Figure 1). 
Many automotive-supply dealers offer 
50W, 12V bulbs. 

Because these bulbs screw into an or- 
dinary 115V light socket, you can create 
a virtually unlimited combination of 
loads. The use of old-fashioned porce- 
lain-type sockets wired in parallel allows 
you connect any number of bulbs in the 
load circuit. The circuit in Figure 1 ad- 
dresses supplies of 1 to 24V output levels, 
of positive or negative polarity, with pow- 
er levels as high as 150W. You can use the 
same basic approach to load higher volt- 


TO POSITIVE 
INPUT 


Th 
COILCRAFT 


0.22 WF sp 250-1 


0.22 WF 


TO NEGATIVE INPUT 


Incandescent light bulbs provide convenient loads for testing power supplies. 
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1N4148 


180 


TO CURRENT METER 


age supplies by using 115V light bulbs 
and appropriately sizing the power 
MOSFET and other components. The 
circuit uses a standard PWM 3843 IC, 
IC,, in open-loop mode. Potentiometer 
VR, controls the duty cycle over its full 
range. The frequency is not critical and is 
approximately 37 kHz with the values 
shown in Figure 1. A small, modular 
plug-in transformer provides power, but 
you can use any source of approximately 
18V dc at 50 mA. 

T, provides isolated drive to the pow- 
er MOSFET, Q,. The transformer allows 
you to load negative as well as positive 
sources. The various components in the 
gate circuit provide efficient drive to Q, 
over a broad range of duty cycles. The L, 
choke isolates the input from the switch- 
ing pulses in Q,. You could use either an 
analog or a digital current readout. This 
design uses an LED readout salvaged 


IRF3710 


2N4402 


Ri 
SELECT 
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from an old power supply. You must size 
the current resistor, R,, for the power dis- 
sipation and the requirements of the 
current meter. In this application, three 
metal-oxide, 0.10, 2W resistors con- 
nected in series met the requirements 
(maximum current of 4A). You must fas- 


ten Q, toa heat sink adequate for the ap- 
plication. The circuit in Figure 1 uses an 
Aavid (www.aavid.com) 530101B00100. 
This heat sink is a U-shaped radiator 
measuring approximately 1.75175 in. 
on each side. Applications requiring 
higher currents could use two MOSFETs 


in parallel. The gate-drive scheme shown 
has enough power to drive two 
MOSFETs. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Two-transistor circuit replaces IC 


Jim Hagerman, Hagerman Technology, Honolulu, HI 


duced LTC4300 chip buffers I?C 

clock and data lines to and from a 
hot-swappable card. This task is difficult 
because the IC must work bidi- 
rectionally, meaning that you can 
simultaneously and actively drive both 
sides. However, as is sometimes the case, 
you can replace a complicated circuit by 
a simple one without much loss of per- 
formance. For example, transistors and 
resistors replace the entire IC (Figure 1). 
The circuit handles only the clock signal 
or only the data signal. Two npn transis- 
tors, connected head-to-head, form the 
heart of the circuit. ’?C signals come from 
open-collector or open-drain outputs, so 
can only pull down (sink current). When 
Enable is high, a low-going SCL signal 
drives the emitter of one of the transis- 
tors as acommon-base amplifier. The 10- 
kO, resistor in the base circuit provides 
enough current to saturate the transistor 


| INEAR TECHNOLOGY'S recently intro- 


3.3V 5V 
10k 10k 
SCL SCL’ 
ENABLE 
10k 


This circuit is an ?}C-compatible, hot-swappable 
translator/buffer. 


and drop the V., voltage to approxi- 
mately 0.1V, thereby pulling the other 
side low. 

The circuit acts like an efficient diode. 
With Enable low, the hot-swappable side 
has no effect on the signal, with or with- 
out power applied. The two-transistor 
circuit offers the additional benefit of act- 
ing as a level translator between two log- 
ic levels. This example shows a buffer- 
translation between a 3.3V system and a 


The 5V side (a) and the 3.3V side (b) drive operation with the circuit. 
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5V card. For proper operation, the Enable 
line must not go higher than the lower of 
the two supply voltages. Figures 2a and b 
show operation at 100 kHz. Some edge 
glitches and overshoot, stemming from 
transistor-junction capacitance, are evi- 
dent in the 3.3V signal, but these slight 
defects should be tolerable in many low- 
cost applications. References 1 and 2 
treat similar level-translation circuits. 


REFERENCES 

1. Hagerman, Jim, “Two transistors 
form bidirectional level translator,” 
EDN, Nov 7, 1996, pg 114. 

2. Poon, CC, and Edward Chui, “Low- 
voltage interface circuits translate 1.8V to 
5V, EDN, Nov 5, 1998, pg 119. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Digital current source is nonvolatile 


Stephen Woodward, University of North Carolina, Chapel Hill 


IGITALLY — programmable 
current sources that 
feature automatic 


trimming and retain the setting 
despite power-down cycles are 
useful in applications such as RF- 
and laser-communications driv- 
ers. The circuit in Figure 1, for ex- 
ample, is particularly suited for 
setting the drive current for the 
optical pump in widely tunable 
VCSELs (vertical-cavity surface- 
emitting lasers). These lasers are 
suitable in systems using wave- 


: ; : DIGITAL 
length-agile DWDM fiber-optic PROGRAM 
communication links. The circuit INTERFACE 


in Figure 1 delivers a stable drive 
current that derives its control 
from DPP (digitally programmed 
potentiometer), a Catalyst Semi- 
conductor (www.catsemi.com) 
CAT5512. For the circuit values 
shown, you can set the output 
current to 500 mA to 1A; howev- 
er, you can alter this span over a 
wide range by the judicious selec- 
tion of sense resistors R, and R.. 
The unique features of the 
CAT5512 make possible the low 
component count (two chips and 
two resistors). The device com- 
bines a 5-bit-resolution, 100-kQ 
DPP, a nonvolatile EEPROM for 
long-term storage of the DPP setting, and 
a unity-gain analog-wiper-buffer ampli- 
fier. The DPP provides a complete digi- 
tal interface of the LT317 precision regu- 
lator chip to the R, R, split 
current-sense-resistor network. The re- 
sult is a robust, precision programmable 
current source with 5-bit resolution over 
a flexible I,,,, to Iy,x range. The basis of 
circuit operation is the fact that the LT317 
regulator generates the current necessary 
to maintain a constant 1.25V across the 
effective sense resistance: R,+(1—p)R,, 
where p is the DPP setting: 0, 0.032, 
0.064, 0.097, ..., 0.98, 1. In this way, 
[,=1.25V/(R,+(1—p)R,) over the range 
of I ,y=1.25V/(R,+R,) for p=0 to 


MIN 


Iuax=1.25V/R, for p=1. The pertinent 
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2.5 TO 6V 


CAT5512-00 
DPP 


NOTES: I yay a 
Z 


V 
ImiIN=>—S=— (Ro<<100k), 


R,+Ro 
IMaxX _ Ri+Ro R= Vr AND R -( 
Tin Ri Pv TMAX . 


design equations are R, = 1.25V/I,,,,,and 
R,=1.25Vyny Rye 

Note that the R, equation is an ap- 
proximation, based on the assumption 
that R, is much lower than 100 kQ, the 
parallel DPP resistance. The full expres- 
sion for R2 is: 
R,=U(1/((1.25V/Iyun,) —R,) — 1/100 kQ). 

You exert control of the DPP setting 
“p’—and storage of the setting in non- 
volatile EEPROM—via the three-wire 
digital interface, as described in the 
CAT5512 data sheet. The load-voltage- 
compliance limit is a function of the W, 
and W, V+ supply jumpers, connected to 
the LT317. The maximum output voltage 
is the difference between the LT317’s in- 
put voltage and the sum of the LT317’s 


MAX? 


V+ (OPTIONAL) 


Vr 
jess 
| (Ry+(1 —P)Ra) 


LOAD 
(EG, LASER DIODE) 


This digitally programmable current source is suitable for driving VCSELs in communications equipment. 


dropout voltage (approximately 2V) and 
the voltage drop across the R, +R, series 
resistance: V,,,,=V+ — 2V—I,,,,(R,+ 
R,). In the circuit in Figure 1, this voltage 
is V+ — 4.5V. This arithmetic leads to a 
Vusax Of only 500 mV if you use the W, 
option and V+ = 5V. This compliance 
figure may be insufficient for some ap- 
plications. If, by contrast, you choose the 
W, option and V+ is greater than 7.5V 
(not necessarily regulated), Vax Increas- 
es to a much more adequate 2.5V. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Closing the loop deepens notches 


OTCH FILTERS fre- 


by differential-input, 


N gle unwant- 


ed frequency from an 
input signal. They are also 
a vital component of 
pulse-shaping networks, 
such as time-averaging fil- 
ters. You can tune a state- 
variable filter over a wide 
range by changing the 
time constants of its inte- 
grating amplifiers (refer- 
ences 1, 2, and 3). Text- 
books focus on its high- 
pass, bandpass, and low- 
pass outputs, but they 


sometimes fail to 
note that subtract- 
ing the bandpass 
output from the input sig- 
nal creates a notch filter. 
The attenuation of such 
an open-loop notch filter 
is limited by how well the 
components match; typi- 
cally, it’s approximately 40 
dB. Figure 1 shows a stan- 
dard state-variable filter 
with an amplifier, IC,, 
added to invert the bandpass output. You 
can implement a notch filter by adding a 
further amplifier to sum the input signal 
and the output of IC,. 

An alternative is to move the input to 


Tom Napier, North Wales, PA 
canes 


VinO 


NOTES: Rj =R2=Rag,R7=Re=Ro, 
T,=R5Ci, T2=ReC2, AND 
Vu 1+s*T,T2 


Rg 
- _ INPUT O-=-AA=== 
‘a 1+ Re stot s?tyT, 
R3 


R3 


Changing connections makes the depth of the notch depend only on the gain of the 
integrating amplifiers. 


current-output multi- 
pliers (for example, 
the Harris HA2547) 
creates the tunable 
notch filter in Figure 
2. The time constants 
T, and T, are the 
products of the values 
of the integrating ca- 
pacitors and the mul- 
tipliers’ transimped- 
ances. In Figures 1 
and 2, R, controls the 
width of the notch. 


REFERENCES 
1. Napier, Tom, 
“Multipliers imple- 


ment tunable filters,” 
EDN, March 16, 1992, 
pg 131. 

2. Siu, Chris, “De- 
sign innovations pro- 
vide for voltage-tun- 


1+82T)T2 


14+Ri sTo+s2TyTo 
R3 


NOTE: Ry =Ry, AND — YN. = 
Vin 


Replacing two resistors by multiplier ICs results in a tunable notch filter. 


R, and to take the notch output from the 
output of IC,. Closing the loop around 
the notch filter makes the depth of the 
notch depend only on the gain of the in- 
tegrating amplifiers. Replacing R, and R, 


able, — state-variable 
active filters for mega- 
hertz ranges,” EDN, 
Sept 28, 1995, pg 117. 
3. Napier, Tom, 
“Take tunable lowpass filters to new 
heights,” EDN, Jan 15, 1998, pg 145. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Hints and kinks for USB decoding 


Bert Erickson, Fayetteville, NY 


system that uses cables to connect pe- 
ripheral equipment to 
PCs. All new computers 


T°: USB is a serial data-transmission 


for USB were for 1.5 and 12 Mbps at low- 
and full-speed rates, respectively. These 


have two or more USB re- Binary Differential NRZI 
ceptacles, and the predic- b(n—1) =b(n)) = d(n—1) ~— d(n) or d(n—1) 
tions are that they will re- 0 ) 1 0 0 
place most of the legacy 0 1 0 0 1 
receptacles on older PCs. - - - 


The 1.0 and 1.1 standards 
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standards targeted low- and medium- 
speed peripherals. The latest 2.0 standard 
is for a 480-Mbps rate that will 
accommodate many _high- 
speed devices along with the 


d(n) previous low- and full-speed 
1 rates. At the PC-accessible USB 
1 receptacle and at the peripher- 
; al, if it has a receptacle, the sig- 


nal has the format of differen- 
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tial-NRZI (nonreturn-to-zero-inverted) 
code. After conversion (with a simple cir- 
cuit or test probes) of this differential to 
single-ended signal, the signal 
becomes a waveform that as- 
sumes the voltage levels used to recognize 
ones and zeros in computer code. 

In this NRZI waveform, a transition 
between the d(n—1) and d(n) bits de- 
codes to a binary b(n)=0 data bit. No 
transition decodes to a binary b(n)=1 
bit. However, when you display the d(n) 
waveform on an oscilloscope of a logic 
analyzer, it is difficult for an observer to 
decode it back to the originating binary 
waveform, or vice versa. In this situation, 
you may doubt your judgment and turn 
to dedicated test equipment to make the 
conversion. Much of the human problem 
occurs because NRZI decoding depends 
on knowledge of the previous and cur- 
rent input bits to determine a value for 
the current output bit. In the encoding 
descriptions in most textbooks and tech- 
nical articles, the transitions receive pass- 
ing mention, and the material presents a 
pair of waveforms with little or no elab- 
oration. The following suggestions in- 


CLKO 


d(n) DATA © 
CLKO 
(a) 


iS b(n) 


(b) b(n) DATA d(n) 


Simple circuits perform NRZI-to-binary (a) and 
binary-to-NRZI (b) conversion. 


volve some computer statements and 
logic circuits that provide a different way 
to effect the conversion. 

Table 1 shows all the combinations 
that can exist in NRZI encoding. For the 
differential- NRZI-d(n)-to-binary-b(n) 
code conversion, the following observa- 
tions apply: 

@ The conversion is independent of 
b(n-1). 

@ If d(n—1)#d(n), then b(n)=0. 

© If d(n—1)=d(n), then b(n)=1. 

@ Or, simply, b(n)=d(n) XOR NOT 
d(n-1). 

You can perform the conversion by us- 
ing an XOR gate and a 74LS74 D-type, 
positive-edge-triggered flip-flop (Figure 


la). The flip-flop’s Set and Clear termi- 
nals connect to V_,, and you do not need 
to reset either one. For the binary b(n) 
to differential NRZI d(n) conversion, we 
offer the following observations: 

@ The conversion is not independent 
of d(n-1). 

d(n)=d(n—1) unless 

@ b(n—1)=0 AND b(n)=0, then 
d(n)=NOT d(n-—1), or 

@ b(n—1)=1 AND b(n)=0, then 
d(n)=NOT d(n-1). 

You can perform the conversion by us- 
ing an XOR gate and a 74LS74 D-type 
positive-edge-triggered flip-flop (Figure 
1b). The flip-flop’s Set and Clear termi- 
nals connect to V_,, after you use them to 
set d(n) to its proper initial value. For all 
input-data sequences that keep repeat- 
ing, you must select the last and first bits 
to produce the first output bit. You can 
download a computer program that 
confirms the decoding from the Web ver- 
sion of this article at www.ednmag.com. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Circuit controls intensity of reflex optical sights 


Stephen Woodward, University of North Carolina, Chapel Hill, NC 


pointing aids is the reflex, or 

“red-dot,” sight. This system 
finds use in such diverse applications as 
astronomy, archery, and shooting. In the 
reflex sight, light from an internal 
source—typically a high-intensity red 
LED—reflects from a curved, transpar- 
ent optical (reflex) element through 
which you view the target. The result of 
this geometry is that the image of the 
LED (the red dot) appears superimposed 
on the target image, thus indicating the 
point of aim. When you correctly adjust 
the aiming point of the telescope, bow, or 
gun, the target and LED images coincide. 
The reflex sight offers several advantages 
over competing pointing technologies, 
such as telescopic and open sights. These 
benefits include rapid and intuitive tar- 
get acquisition, noncritical eye position- 
ing, and a wide field of view. 

For best sight performance, the inten- 
sity of the red-dot light source must at 
least roughly match the illumination lev- 
el of the target. Otherwise, if the source is 
too dim, the aim-point dot loses itself in 
the brightness of the target. If too bright, 
the dot flares, and its apparent size in- 
creases, obscuring the point of aim and 
making precise pointing difficult or im- 


Jrvisine CATEGORY of aiming/ 


Circuit controls intensity 
of reflex optical sights 


Indicator features expanded scale 


16-bit ADC provides 
19-bit resolution 


Microcontroller emulates 
numerically controlled oscillator 


Method simplifies testing 
high-Q devices. 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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+ 
QV 


= 500 mAHR 


RATIO ADJUSTMENT 


This simple circuit automatically adjusts red-dot intensity in reflex optical sights. 


possible. For this reason, most reflex 
sights require manual adjustment of the 
source intensity. Although this adjust- 
ment is effective enough, the time and at- 
tention needed to optimize intensity with 
a manual control detracts from the fast 
and intuitive target-acquisition capabili- 
ties of the red dot. The circuit in Figure 
1 uses phototransistor Q, to sense target 
brightness and automatically adjust the 
LED output. The circuit maintains near- 
constant dot size over a wide range of 
ambient-light levels. 

Potentiometer R, divides Q,’s pho- 
tocurrent, I,, between the LED driver, Q,, 
and the bias transistor, Q, (connected as 
a diode). The adjustment of R, therefore 
determines the ratio between drive cur- 
rent, I,, and ambient (target) intensity 
over the range of 1 to B, where B is the beta 
of Q, (greater than 100). The prototype of 
the intensity-control circuit was packaged 
in asmall plastic enclosure attached to the 
side of a Compasseco Inc (www.com 
passeco.com) Tech Force model 90 30- 


mm objective reflex sight. The light shield 
mimics the field of view of the sight, so 
the light that Q, samples represents the 
target intensity visible through the sight. 
Proper adjustment of R, results in good 
compensation of dot intensity for a wide 
range of both incandescent and natural 
light. The circuit effectively maintains a 
constant angular dot diameter of 4 min- 
utes of arc under outdoor ambient light- 
ing ranging from dark overcast to full 
sunlight. The circuit also delivers similar 
performance under indoor incandescent- 
lighting conditions. Compensation with 
fluorescent lamps, however, is less satis- 
factory because of the absence of an ad- 
equate near-infrared component in the 
spectrum of these light sources. You 
could probably fix this shortcoming by 
using a suitable visible-light filter in front 


of Q.. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Indicator features expanded scale 


Abel Raynus, Armatron International, Melrose, MA 


T EST EQUIPMENT for a production line 5 


should be user-friendly (read -f-—X- 
“idiot-proof”) and should of- 4.75 


fer minimal test time. In many cases, the 
test fixture must give an operator only 
one answer: pass or fail. Usually, two in- 
dicators assume this role: green for pass 
and red for fail. In most applications, a 
sensor transforms the tested parameter to 
a voltage; the test fixture must measure 
this voltage and display the result. Some- 
times, an operator needs to observe the 
dynamics of the tested parameter to ver- 
ify that the results are inside the permit- 
ted “green zone.” For 
example, when evalu- 
ating a regulated 
system’s behav- 


ior, the operator is of- 


VOLTAGE (V) 


ACCEPTABLE 
7 = RANGE 
(GREEN ZONE) 


MEASURED DEVIATION 


—— MEDIUM VALUE 


TRANSIENT 
PROCESS 


STEADY-STATE PROCESS 


It's desirable to observe deviations in values inside the acceptable “green zone.” 


V,, the diode, D, does not conduct, and 
the voltmeter comprises the microam- 
meter and resistor, R,. When the tested 
voltage surpasses the threshold V,, the 


ten interested in meas- diode conducts, and resistor R, connects 
uring the parameter’s at parallel with R,. The voltmeter’s im- 
deviation and estimat- pedance decreases, thereby expanding the 
ing its average value measurement scale. You can calculate the 
after the process values of resistors R,, R,, and R, as fol- 


reaches steady state 
(Figure 1). In this situ- 
ation, using an analog 
meter with marked 
red and green 

zones is prefer- 
able to using a digital 
or bar-graph LED dis- 
play. 

Assume that the 
range of the tested 
voltage is 4.75 to 5V. 
To make a voltmeter 
with maximum 5V 
reading by using a 
100-pA dc meter, you would use 
a series resistor of 50 kQ.. The me- 
ter scale is linear, and the tested voltage 
zone represents only 5% of full-scale 
(Figure 2). It is difficult for an operator 
to observe the meter reading inside such 
a narrow zone. It would be desirable to 
expand the test zone to, say, 90% of full- 
scale (Figure 3). The circuit in Figure 4 
does just that. When the tested voltage, 
Vv. is lower than the threshold voltage, 


easier. 


TEST? 
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It's difficult to discern deviations from the norm when the green 
zone represents only 10% of full-scale. 


Expanding the green zone to 90% of full-scale makes readings much 


This simple circuit expands the acceptable test 
results to 90% of full-scale. 


lows: 

@ The voltage at the beginning of the 
tested zone, 4.75V, should consume 
10% of the scale, with a correspon- 
ding current of 10 wA. Hence, ne- 
glecting the internal meter imped- 
ance, R, equates to 4.75V/10 pA, or 
475 kQ. 

@ After the measured voltage exceeds 
the threshold level, 4.75V, the volt- 
meter impedance equates to R, = 
(5—4.75)V/(100—10) pA, or 2.8 
kQ. 

© Hence, (R,R, ,)/(R,-R, ,)=(475X 


Te 2 


2.8)/(475—2.8)=2.8 kO, and R,= 


R(V,,./V,-l)=2.8 (5/4.75-1) = 
1470. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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16-bit ADC provides 19-bit resolution 


Alain Guery and Charles Kitchin, Analog Devices, Wilmington, MA 


ANY DATA-ACQUISITION systems ‘i 
MV require both high accuracy anes 

and a fast acquisition rate. 1 
These attributes allow the system to de- 
tect small data signals and to group more ae 
sensor channels into the same system. dls 
With more channels, the system can be 100 
smaller, less expensive, and less power- L14 
consuming. Long-distance optical com- 
munications and medical equipment, ACCURACY > ACCURACY 
such as CT scanners, can benefit from a (ERNCOR EOIN) a aie L,_  {BITS) 
fast and accurate data-acquisition system. a — 107 PPM OF POINT+1.9 PPM 
Optical power systems, such as laser 7 
pumps, need to constantly monitor their 
power levels. In such systems, the in- 
coming laser-power range and the laser 9 
control-loop response time are such that 
the system needs a dynamic range of 90 : 20 
dB or more and a sampling rate of 1M 0.000001 0.000010.0001 0.001 0.01 0.1 10. 100 
sample/sec. In CT scanners, 16- to 22-bit (% poate 
resolution is necessary for the data-ac- 
quisition system to process the large dy- | Using a programmable-gain amplifier ahead of an ADC increases the accuracy of a 16-bit ADC to 19 
namic range of the X-rays through vari- | bits. 


ous body tissues. A large 
number of photode- oy 
tectors (more data-ac- 


quisition channels) and high 


data accuracy improve the O 
image resolution. COMELALCH 
These two examples show 
the need for relative accura- 300 
cy, as opposed to absolute ac- ° 
curacy. Although it’s impor- 
tant to be able to detect a e 
10-nW change in an optical T can 
power of 1 pW, it is almost 
irrelevant to see the same 10- CHARNERO > " 


AD8021 


5 
as 


nW difference between 1 
mW and 1.00001 mW. How- 
ever the ADC’s accuracy ap- 
pears under the integral- 
nonlinearity specification as CALIBRATION: 
an absolute error. For the best 
relative accuracy, a classic so- 
lution is to use a program- 5vO 
mable-gain amplifier in front 
of an accurate ADC. The 
AD7677 ADC specifies + 15- 
ppm of full-scale nonlinear- 
ity (+1 LSB at the 16-bit lev- 
el). A programmable-gain 
amplifier ahead of this con- 
verter must be able to settle | This system provides 19-bit accuracy by combining a programmable-gain amplifier with a 16-bit ADC. 
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quickly enough with the same resolution 
and speed as the ADC. It also 
must have the lowest noise pos- 
sible, because the amplifier sets the SNR 
of the data-acquisition system. To meet 
these challenges, the amplifier in this de- 
sign uses an AD8021, an op amp comb- 
ing speed, accuracy, and fast settling time. 
The noise density of the AD8021 is only 
2 nV/\/Hz. Figure 1 shows how the gain 
settings of the programmable-gain am- 
plifier divide the specified accuracy of the 
ADC. The system reaches 19-bit accura- 
cy when the input level is low. 

Relative accuracy is normally specified 
as parts per million of reading plus or mi- 
nus the absolute minimum error. The cir- 
cuit in Figure 2 can achieve a relative ac- 
curacy of 107 ppm+1.9-ppm 
maximum error. Analog multiplex- 
er IC, combines many lower band- 
width channels to take advantage of 
the 1M-sample/sec sampling rate of 
the ADC. Because the programma- 
ble-gain amplifier presents a high in- 
put impedance to the multiplexer, 
you can cascade the multi- 
plexer, thus increasing the 
number of channels. The multiplex- 
er also provides a simple way to cal- 
ibrate the offset and gain errors at 
each gain setting by applying a cali- 
bration-reference voltage to one of the 
multiplexer’s input ports. You need to 
calibrate only at power-up or when op- 
erating conditions, such as temperature, 
change. The amplification chain com- 
prises the multiplexer, the comparator, 
and the amplifier on one side and the 
ADC on the other side. The successive- 
approximation structure of the AD7677 
ADC allows the individual sections in the 
amplification chain to work simultane- 
ously. While the ADC converts one sam- 
ple, the comparator/amplifier can settle 
the following channel. Therefore, the 
data-acquisition system can operate at 
the ADC’s maximum sampling rate. 

Shortly after the analog multiplexer 
settles, the fast comparator, IC,, applies 
the appropriate gain setting. The com- 
parator’s thresholds are such that the am- 
plifier does not saturate or clip the sig- 
nal after amplification by IC, and IC,,. 
The AD8561 comparator has a response 
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This plot shows the differential nonlinearity of a data-acquisition system for all possible ADC 


codes. 


TR TRERTEL 
TL 


The dime shows the relative size of the complete data- 
acquisition system. 


time of 7 nsec. It integrates a latch signal 
that holds the gain constant during the 
time the amplifier settles and the ADC 
acquires the signal. The usual program- 
mable-gain-amplifier configuration re- 
quires the user to predict the amplifier’s 
gain setting before applying the signal at 
the input. The programmable-gain am- 
plifier in Figure 2 has an “autorange” fea- 
ture that selects the most appropriate 
programmable-gain amplifier gain to 
maximize accuracy without incurring 
saturation or clipping. The comparator 
incorporates hysteresis to reduce gain- 
setting change when signals are close to 
the limits of an individual gain range. 
The circuit automatically boosts the ADC 
accuracy to 19 bits while maintaining a 
full-speed sampling rate of 1M sam- 
ple/sec. 

IC, amplifies the multiplexer signal us- 
ing one of two possible gain settings: 1 
or 8. You can modify the feedback net- 


work to provide different gains to a 
maximum of 25. The analog switch, 
IC,, controls the gain setting. The high 
gain-bandwidth product of the AD- 
8021 op amp provides more than 
enough bandwidth, so its compensa- 
tion capacitor remains the same for all 
gains. Amplifier IC, generates the dif- 
ferential signal for the ADC. The set- 
tling times of the comparator and the 
amplifier and the acquisition time of 
the ADC are all significantly less than 
the ADC’s full conversion period of 1 
psec. The RC noise filters at the two ADC 
inputs, R,/C, and R/C, use this extra 
time. These filters limit the noise band- 
width of the programmable-gain ampli- 
fier, which is the main noise source of the 
data-acquisition system when IC, oper- 
ates at a gain of —1. 

Figure 3 shows the circuit’s nonlinear- 
ity. The photo shows a maximum non- 
linearity of 0.44 LSB and a minimum of 
—0.37 LSB for the highest gain setting, 
which poses the most difficult challenge. 
This nonlinearity corresponds to a typi- 
cal error of 0.9 ppm. Ata gain of 8, out- 
put noise is 85 pV rms. If desired, you can 
further reduce the noise by using soft- 
ware averaging. Figure 4 shows the com- 
plete data-acquisition system assembled 
using the AD7677 evaluation board. The 
pce-board area measures 15X30 mm. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Microcontroller emulates 
numerically controlled oscillator 


Tom Napier, North Wales, PA 


ICROCONTROLLERS commonly add 
intelligence or digital functions to 
products, but they can also provide 
a variety of analog signals. An 18-pin PIC 
16C54 microcontroller, combined with 


20 MHz =a 


FREQUENCY- 
CONTROL 
INPUTS 


an inexpensive, 8-bit DAC and a simple 
lowpass filter, can generate sine waves 
from dc to approximately 50 kHz with a 
tuning resolution of 24 bits. The accura- 
cy and stability of the output is as good 


An inexpensive microcontroller and DAC emulate a numerically controlled oscillator. 


as that of the crystal driving the micro- 
controller. You can connect a binary data 
signal to one or more PIC ports to ap- 
ply FSK (frequency-shift-keying), BPSK 
(binary-phase-shift-keying), or QPSK 


100 
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2200 pF T 
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(quadrature-phase-shift-keying) modu- 
lation to the output. Figure 1 shows the 
emulation scheme, and Listing 1 controls 
the operation of the microcontroller. The 
16C54’s firmware emulates a 24-bit nu- 
merically controlled oscillator. A fixed- 
length loop continuously adds the con- 
tents of one set of registers (the frequency 
control) to another set (the phase accu- 
mulator). The phase accumulator incre- 
ments at a rate proportional to the de- 
sired output frequency and wraps around 
once per output cycle. 

With a 24-bit accumulator, the output 
frequency is fXN/[67108864(L+2)], 
where f is the clock frequency, N is the 
tuning control number, and L is the num- 
ber of instructions in the loop. (The loop 
period is two instruction times longer 
than the instruction count, L.) For ex- 
ample, if the PIC’s clock crystal’s fre- 
quency is 16.777 MHz, and the loop has 
30 instructions, you can set any frequen- 
cy to approximately 40 kHz in steps of 
1/128 Hz. Once per loop, the highest byte 
of the phase accumulator selects an out- 


put sample from a 65-element look-up 
table, which contains one quadrant of a 
sine wave. To create the other three quad- 
rants, bit 6 determines whether to read 
the table forward or backward, and bit 7 
specifies the output sign. An exclusive- 
OR operation on bit 7 with a port bit gen- 
erates BPSK operation. An exclusive-OR 
operation on both bits 6 and 7 with port 
bits generates QPSK modulation. The re- 
sult goes to the DAC via the PIC’s 8-bit 
output port. A 50-kHz lowpass filter then 
converts the DAC’s output into a smooth 
sine wave. 

You can preset the output frequency or 
load it serially via two pins of the PIC’s 4- 
bit port. You obtain FSK by using an in- 
put bit to select which of two frequency- 
control registers to use. If the two 
frequencies have a large common multi- 
ple, as in minimum-shift keying, the ac- 
cumulator can be shorter, leading to a 
higher output frequency for a given clock 
input. Without modulation, the firmware 
loop can be as short as 26 instruction 
times (Listing 1). You can insert nonop- 


eration instructions to make the loop- 
repetition rate a convenient submultiple 
of the crystal frequency. For example, a 
31-instruction loop and a 20-MHz crys- 
tal yield a scale factor close to 104 
steps/Hz. 

The code takes advantage of a quirk in 
the 16C54’s operation: If two addresses 
exist on the return stack, the first copies 
endlessly into the second every time the 
routine pops the second. The initializa- 
tion code puts two copies of the loop- 
start address into the return stack, caus- 
ing all subsequent RETLW instructions 
to jump to the start of the loop. Index- 
ing into the look-up table with a calcu- 
lated GOTO instruction both supplies an 
output sample and executes a jump to 
restart the loop. This procedure is much 
faster than executing a CALL, a GOTO, a 
RETLW, and a further GOTO. You can 
download Listing 1 from the Web version 
of this article at www.ednmag.com. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Method simplifies testing high-Q devices 


Alan Victor, IBM Microelectronics, Research Triangle Park, NC 


lators requires careful at- 

tention to resonator un- 
loaded Q. In the construction of a 
low-phase-noise, high-frequency oscilla- 
tor, the goal is to achieve an unloaded-Q 
figure greater than 400 in a reasonable 
package. Also, you need to monitor the 
effect of the package and pc-board 
arrangement. Shielding, inappropriate 
grounding, and some construction tech- 
niques can degrade unloaded Q. Q me- 
ters; various bridges, such as Maxwell and 
Hayes; and both vector and scalar im- 
pedance analyzers are useful but incon- 
venient-to-use test instruments. You 
must carefully set up test fixturing and 
calibration that duplicates the final en- 
vironment to obtain reasonable agree- 
ment with the final measured results. A 
simple test set uses nothing more than 


T DESIGN of low-phase-noise oscil- 
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A simple test set allows you to determine the 
unloaded Q of an inductor. 


the voltage-divider relation with the de- 
vice under test embedded as a series trap 
network (Figure 1). You can measure the 
inductor’s value, or calculate it from 
known equations based on the inductor’s 
form factor, such as solenoid, toroid, hel- 
ical, or flat spiral. You use the inductor’s 
value to select C,, a variable, air-dielectric 
high-Q capacitor. At resonance, the im- 


R, (Q) Notch depth (dB) 
0.1 —47.993 
0.2 —42.007 
0.3 —-38.52 
0.4 —36.055 
0.5 —34.151 
0.6 —32.602 
0.7 —31.297 
0.8 —30.171 
0.9 —29.181 

1 —28.299 


pedance of the inductor-capacitor com- 
bination goes to zero, so the effective load 
is the series resistance R, in parallel with 
the 500. termination resistance. 

You use an RF generator and voltmeter 
to read the depth of the notch the trap 
creates. This attenuation depth is a func- 
tion of the remaining finite-series resist- 
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ance of the resonator. Table 1 
shows the notch attenuation for R, 
ranging from 0.1 to 
10. These values as- 
sume 50Q. source and termination 
impedance and the component 
values shown in Figure 1. Un- 
loaded Q equates to X,/R,, where 


NOTCH 
DEPTH 
(dB) 


X, is the reactance of the inductor, 
and R, is the equivalent series re- 
sistance. Figure 2 shows the notch 
attenuation as a function of the 
equivalent series resistance. In ad- 
dition, a crosscheck is available: 
You can the 3-dB bandwidth of 
the notch and calculate unloaded 
Q from f, divided by the band- 
width. Finally, as a “sanity check,” 
you can readily reduce the un- 
loaded Q to a known value by in- 
serting a series resistance in the trap cir- 
cuit. The reduction in unloaded Q 
should correlate with added resistance 
value. Any variations you notice in these 
simple experiments are usually the result 
of subtle factors. One factor in particular 
is a component operating near its self- 
resonant frequency. In the test case of 
Figure 1, six-gauge wire on a 0.75-in. 


ductor shall resonate in a series- 


=25 


—27.5 


tuned (trap) configuration, driv- 


en froma 50Q generator and ter- 


minated in a 50Q shunt. An RF 


=32.5 


—35 


voltmeter placed across the shunt 
reads notch depth in decibels. 


—37.5 


From Figure 2, you can deter- 


mine the unloaded Q from the 


expression Q=X,/R,. For exam- 
ple, a solenoid inductor measur- 


ing 0.75 in. in diameter and 


wound with five turns of six- 


gauge wire has a measured in- 
ductance of 460 nH at 65 MHz. 


EQUIVALENT SERIES RESISTANCE (Rs) 


The notch depth of the circuit in Figure 1 at resonance is 
inversely related to the equivalent series resistance of the 
inductor. 


Delron rod with careful construction lets 
you achieve unloaded Q near 500 at 70 
MHz. The measurement technique un- 
veils issues with shielding, namely the re- 
duction in Q from the effect of the shield 
on the solenoid coil. The details of the 
measurement are as follows: 

Assume an inductor with known L and 
X, at a frequency of interest f,. The in- 


The inductor series-resonates at 
65 MHz with a 13-pF capacitor. 
You set the signal generator at 65 
MHz and use a variable, air-di- 
electric capacitor to fine-tune the 
notch at 65 MHz. The measured 
notch depth is 36 dB. R, is 0.40, and the 
unloaded Q is 469. You can readily notice 
changes in the depth of the notch with 
fine variations in coil position relative to 
conducting surfaces. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Frequent Design Ideas author 
takes home annual award 


Edited by Bill Travis 


EDN is pleased to announce that Stephen Woodward’s design entry is the grand-prize winner of EDN’s 2001 
Design Ideas competition. Woodward will receive a $1500 check for his July 5 entry, “Quickly discharge power- 
supply capacitors,” which we present again below in case you missed it the first time. Woodward is a frequent EDN 
contributor and previously won the annual award for his first submission to EDN in 1974. 

The Design Ideas section is among the most popular features in EDN, because it embodies the traditional engi- 


neering challenge: An individual sees a well-defined and bounded problem; applies a mix of hardware, software, and 
algorithms; and produces an innovative solution to that problem. In many cases, the problem is unique or requires 
a solution that is complex and costly. 

According to Woodward, “There’s nothing quite like the satisfaction that comes from seeing your name in print 
attached to something that others find a useful idea. ’ve done over a hundred of these bite-sized articles, and the 
pleasure has never faded. The ideas that form the basis for my Design Ideas come from two basic sources. Some I 
develop specifically for publication. Others come from real-life applications. The circuit that won this year is one 
of these. The rapid and safe discharge of large power-supply filters is a problem I’ve been bothered by for years. 
The topology in this year’s winning Design Idea is a solution I came up with only after long consideration. It has 
served me well in dozens of designs.” 

We congratulate Woodward on his achievement. 


Quickly discharge power-supply capacitors 
Stephen Woodward, University of North Carolina, Chapel Hill, NC 


PERENNIAL CHALLENGE in power-_ R, (Figure 1). The trouble with the R, dump, but also constantly when the 
A power supply is on. The resulting ener- 
gy hemorrhage is sometimes far from 


negligible. 


supply design is the safe and speedy fix is that power continuously and 
discharge, or “dump,” at turn-off of _ wastefully “bleeds” through R,, not only 
the large amount of energy storedinthe when it’s desirable during a capacitor 


postrectification filter ca- Figure 1 offers an illus- 


pacitors. This energy, CV*/2, 
can usually reach 
tens of joules. If you 
let the capacitors self-dis- 
charge, dangerous voltages 
can persist on unloaded 
electrolytic filter capacitors 
for hours or even days. 
These charged capacitors 
can pose a significant hazard 
to service personnel or even 
to the equipment itself. The 
standard and obvious solu- 
tion to this problem is the 
traditional “bleeder” resistor, 
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A bleeder resistor ensures safety but wastes much power. 


tration of the problem, tak- 
en from the power supply 
of a pulse generator. The 
CV’/2 energy stored at the 
nominal 150V operating 
voltage is 150° 4400 pF/2, 
or approximately 50J. Sup- 
pose that you choose the R, 
fix for this supply and opt 
to achieve 90% discharge 
of the 4400-wF capacitor 
within 10 sec after turning 
off the supply. You then 
have to select R, to provide 
a constant RC time no 
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longer than 10/In(10), or 4.3 sec. R,, 
therefore, equals 4.3 sec/4400 LF, 
or approximately 1 kQ.. The re- 
sulting continuous power dissipated in 
R, is 1507/1 kQ, or approximately 23W. 
This figure represents an undesirable 
power-dissipation penalty in a low-duty- 
cycle pulse-generator application. This 
waste dominates all energy consumption 
and heat production in what is otherwise 
a low-average-power circuit. This sce- 
nario is an unavoidable drawback of 
bleeder resistors. Whenever you apply 
the 10%-in-10-sec safety criterion, the 
downside is the inevitable dissipation of 
almost half the CV’/2 energy during each 
second the circuit is under power. 
Figure 2 shows a much more selective 
and thrifty fix for the energy-dump 
problem. The otherwise-unused off- 
throw contacts of the dpdt on/off power 
switch create a filter-capacitor-discharge 
path that exists only when you need it: 
when the supply is turned off. When the 
switch moves to the off position, it es- 
tablishes a discharge path through resis- 
tors R, and R, and the power trans- 
former’s primary winding. The result is 
an almost arbitrarily rapid dump of the 
stored energy while the circuit suffers ze- 


120V AC 


TURN-OFF 
DISCHARGE PATH 


= 


Otherwise unused switch contacts can dump energy while not wasting power. 


ro power-on energy waste. Use the fol- 
lowing four criteria to optimally select 
R,,R,, and S:: 

@ The peak discharge current, V/(R, 
+R,), should not exceed S,’s contact rat- 
ing. 

@ The pulse-handling capability of R, 
and R, should be adequate to handle the 
CV?/2 thermal impulse. A 3W rating for 
R, and R, is adequate for this 50J exam- 
ple. 

@ The discharge time constant, 
(R,+R,)C, should be short enough to 


ensure quick disposal of the stored en- 
ergy. 

@ S, must have a break-before-make 
architecture that ensures breaking both 
connections to the ac mains before mak- 
ing either discharge connection and vice 
versa. Otherwise, a hazardous ground- 
fault condition may occur at on/off tran- 
sitions. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


High-side current sensor has period output 


Greg Sutterlin, Maxim Integrated Products, Wexford, PA 


Quickly discharge power-supply 
capacitors 


High-side current sensor 
has period output 


Absolute-value comparator 
touts ACCUracy, SIZe...... 


Programmable oscillator uses 


digital potentiometers 


Time-delay relay reduces 
inrush current...... 


Optimize linear-sensor 
resolution 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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ing in many battery-powered prod- 

ucts that require accurate monitor- 
ing of load current, charger current, or 
both. In applications for nonportable de- 
signs, high-side-current monitoring 
serves as a power-supply watchdog that 
can flag a failure in downstream devices. 
The monitoring can also eliminate haz- 
ardous conditions by preventing power- 
supply overloads. Further, high-side-cur- 
rent monitoring of motor/servo circuits 
can produce useful feedback in control 
applications. These applications require 
a device that converts high-side current 
directly to a digital signal (Figure 1). IC, 
is a low-cost, high-side-current-sense 
amplifier that converts high-side current 


y OU USE HIGH-SIDE current monitor- 


to a proportional, ground-referenced 
voltage. Its two internal comparators 
(latching and nonlatching) implement a 
voltage-to-pulse converter that produces 
an output pulse width proportional to 
the measured current. 

IC,’s Out pin charges C, via R,. When 
C,’s voltage reaches 0.6V, Comparator, 
latches in the high-impedance state. The 
time required to charge C, to 0.6V is pro- 
portional to the measured current. Com- 
parator,, in conjunction with the Reset 
pin, initiates the conversion and removes 
the previously existing charge on C,. The 
Reset and C,,, pins, tied together and 
connected to a TTL-compatible micro- 
controller output, CTRL, control the 
conversion process. Normally, CTRL is 
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0 TO 20V 


TO 
MICROCONTROLLER 
INPUT 


The duration of a negative-going pulse at C, 
R 


‘OUTI 


SENSE" 


high. The microcontroller starts a con- 
version by pulsing CTRL low, discharg- 
ing C, and clearing the latch in com- 
parator, (C,,,,, goes low.) The micro- 
controller now measures the time from 
the CTRL transition to the low-to-high 
transition at C,,,,,, (Figure 2). The peri- 
od begins at the low-to-high transition of 
CTRL and ends at the low-to-high tran- 
sition of C,,,,,- As a function of the cur- 
rent levels of interest, you select R, and 
C, values to create pulse durations in the 


Rsense 


is proportional to the current flowing through 


tens of milliseconds. As a result, the Out 
settling time of 20 wsec and the com- 
parator propagation delays of 4 wsec 
have negligible effects on the measure- 
ment accuracy. 

To derive an expression for the output 
pulse width, start with the relationship 
for an RC-charging circuit: Vjpn64= 
Out(1—e ~TPUISERIC1), For the Out-pin 
voltage, substitute the expression I,,,,,X 
Rounsp Ay and solve for Io.5: Loan= 


SENSE —TPULSE/R,C 
raresu! [Rooxse x Ay( I—e ed ) ] 7 


CTRL 5V 
—— >| J 1.5 pSEC TYPICAL 
GND ; 
1 
1 
| 
| 
1 
1 
| 
| 


Cour 5V 
GND a 
1 


b— Trutse —>| 


These waveforms illustrate the operation of the 
circuit in Figure 1. 


where I,,,,=measured current in am- 
peres, Vero; Comparator threshold= 
0.6V, Ry vcp = Current-sense resistor in 
ohms, A,,=gain of IC,, and T,,,,, .=time 
to charge C, to V..,,.4,, in seconds. 

For example, selecting R,=1 MQ, 
C,=0.1 WB, Reavc:= 0.0750, and A,=20 
produces a T,,,,,,, measurement of 0.022 
sec in response to a 2A current. Thus, giv- 
en a microcontroller timer port, an ex- 
ternal interrupt, or simply an available 
microcontroller input, IC,, and two ex- 
ternal passive components implement 
high-side-current-to-digital conversion 
without the need for a discrete A/D con- 
verter. 

Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Absolute-value comparator touts accuracy, size 


Teno Cipri, Engineering Expressions Consulting, Sunnyvale, CA 


TYPICAL WINDOW COMPARATOR USES 

two comparators and a single 

op amp to determine 
whether a voltage is inside or outside a 
boundary region. Figure 1 shows a typi- 
cal implementation. IC, is an inverting op 
amp with a gain of —1.V,,,. and —V,,,. 
create the window limits. When V,,, be- 
comes more positive than V,,.. the out- 
put of IC,, goes low. When V,,, becomes 
more negative than —V,,,,,, the output of 
IC, goes low. IfV,, is lower than V,,,.,, and 
greater than —V,,~ both outputs of IC, 
remain high. The LM319 and AD548 
come in 14- and eight-pin DIPs, respec- 
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This traditional window-comparator circuit suffers from limited input range. 
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tively. The LM319 accommodates sepa- 
rate input and output power sup- 
plies. The input supply can be 
+15V referenced to analog ground, and 
the output can use a logic supply refer- 
enced to logic ground. The circuit’s input 
limit is #2.5V because of the maximum 
differential-input limit of the LM319. If 
you think the input will exceed a =5V 
ieee aa voltage between V,,,,and V,., 
or —V,,, and V,,, then you must cor: 
porate a clamping network with many 
additional discrete components. The cir- 
cuit in Figure 2 overcomes 
these limitations. 

To increase the maximum 
differential-input voltage, you 
can use an LM311, but it is 
available only in eight-pin 
packages, so the circuit would 
require three eight-pin pack- 
ages. To reduce the chip count, 
the circuit in Figure 2 uses an 
absolute-value amplifier driv- 
ing a single LM311 compara- 
tor, IC,. Although at first glance 
the circuit in Figure 1 may look 
simpler than the one in Figure 
2, you can save pc-board area 
and improve performance by 
using a dual amplifier in a sin- 
gle eight-pin DIP and an 
LM311, also in an 
eight-pin DIP. In Fig- 
ure 2, when the absolute value 
of V,,, exceeds V,,,... the output of com- 
parator IC, goes low. When V,,. is posi- 
tive, IC,, inverts the signal, and the volt- 
age at R, is equal to —V,,.. The current 
flowing through R, is —2 times that flow- 
ing through R,, and the output of IC,, is 
equal to V,.. When V,,, is negative, D, 
blocks the output of IC,,, which is 


VrerO 


Vino 


2.5VO 
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An absolute-value comparator circuit offers a wide input range and improved dc performance. 


Tew 
26¥ 


Channel A is the rectified (absolute-value) output of 
; Channel B is the output of the comparator. 


IC; 
clamped to the forward voltage of D,. Be- 
cause the inverting input of IC,, andIC,, 
are both at virtual ground, no current 
flows through R, and R,. With IC,, ef- 
fectively out of the circuit, IC, gain is 
—1, and the output voltage i is ” positive. 
The inverting-input voltage of IC, is al- 
ways at a positive value. This circuit is 


ier 
LM1458 


You can modify the circuit in Figure 2 to work with a single supply. 
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symmetrical for positive and neg- 
ative voltages. The following 
expressions ieee Vv; Vi 
VV (= 27) foe posi- 
tive inputs, and oie —V,,, for 
negative inputs. 

The dual comparators of Fig- 
ure 1 can have slightly different 
thresholds. You can select the 
dual op amps in Figure 2 for in- 
put offsets below 1 mV; doing so 
allows the circuit in Figure 2 to 
offer improved dc performance. 
Another advantage of the circuit 
in Figure 2 is the fact that you 
need change only R, to set the 
gain of the circuit. Most com- 
parators have offset voltages of 
several millivolts, so scaling up 
the input voltage improves accu- 
racy by increasing the signal/off- 
set ratio. The circuit in Figure 1 would 
require the addition of another op amp 
to achieve this goal. The simulation in 
Figure 3 shows the circuit response. 
Channel A is the output of IC, ,. Chan- 
nel B is the output of the comparator 
with V,,., set at 1V. Marker 1 corresponds 
to the 1V threshold, and Marker 2 cor- 
responds to logic low at the output of the 
comparator. The circuit in Figure 4 is an- 
other variation of the circuit that uses a 
single 5V supply. It works for input sig- 
nals of 0 to 5V and V,,,. of 2.5 and 5V. 
The 0 and 5V inputs result in the maxi- 
mum value of 5V at the output of IC... 
With V,,, at 2.5V, the output of IC,,, as- 
sumes the minimum value of 2.5V. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Programmable oscillator uses digital potentiometers 


Alan Li, Analog Devices, San Jose, CA 


tile devices; you can use them 

in many filtering and wave- 
form-generation applications. This De- 
sign Idea describes an oscillator in which 
setting the resistance of two digital po- 
tentiometers independently programs 
the oscillation amplitude and frequency. 
Figure 1 shows a typical diode-stabilized 
Wien-bridge oscillator that generates ac- 
curate sine waves from 10 to 200 kHz. In 
this classic oscillator circuit, the Wien 
network comprising R, R’, C, and C’, 
provides positive feedback, and R, andR, 
provide negative feedback. R, is the par- 
allel combination of R,, and R,, in series 
with R,,op,- Lo establish sustainable os- 
cillation, the phase shift of the loop 
should be 0° when the loop gain is unity. 
In this circuit, you can determine the 
loop gain, A(jw)B (jw) by multiplying the 
amplifier gain by the transfer function 
V,/V,. With R=R’ and C=C’, the loop 
gain is 


D IGITAL POTENTIOMETERS are versa- 


1+R,/R 
A(s)B(s)= ———*1 _. 
eps) 3+sRC+1/sRC (1) 
Substituting s=jw and rear- 
ranging the real and imaginary 
terms yields 


1+R,/R, 


AG@)BG@) = j(@RC—1/@RC)’ 


(2) 


You define the phase angle of the loop 
gain as 


O=tan | ImlA(j@o)BGo)| . (3) 
RelA(jo)Bj@)| 


You force the imaginary term to zero 
to set the phase shift to 0°. As a result, the 
oscillation frequency becomes 


lL 1 


Wy =—~ or fy =——., 
°" RC 9 2nRC 


where R is the programmable resistance: 


(4) 


256—-D 
R= 


Rap. (5) 
7 aa 


D is the decimal equivalent of the digital 
code programmed in the AD5232, and 
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NOTES: 
R AND R’=¥2 AD5232. 
Rog=AD5231. 


ADJUST TO SAME 


ene ee eee re erry --+ SETTINGS FOR 


Cc’ R’ a’ FREQUENCY 
TUNING 


Do 
AMPLITUDE CONTROL 


This Wien-bridge oscillator uses digital potentiometers to provide independent settings of ampli- 


tude and frequency. 


1oov 


M40.0us A JS 200mv 
70 Uns w-* 6.00006 s 


R=8 kQX. 
f=8.8 kHz 


R=4 kQX 
f=17.2 kHz 


R=4500, 
f=100 kHz 


These three frequencies reflect three digital-potentiometer settings. 


R,, is its end-to-end resistance. To sus- 
tain oscillation, the bridge must be in bal- 
ance. If the positive feedback is too great, 
the oscillation amplitude increases until 
the amplifier saturates. If the negative 
feedback is too great, the oscillation am- 
plitude damps out. As Equation 2 shows, 
the attenuation of the loop is 3 at reso- 
nance. Thus, setting R,/R,=2 balances 
the bridge. In practice, you should set 


RJR, slightly higher than 2 to ensure that 
the oscillation can start. The alternating 
turn-on of the diodes makes R,/R, mo- 
mentarily smaller than 2, thereby stabi- 
lizing the oscillation. In addition, R,, can 
independently tune the amplitude, be- 
cause 2/3(V,)=1,R,,+V),- 

You can short-circuit R,,» which yields 
an oscillation amplitude of approxi- 
mately +0.6V. V_, I, and V,, are inter- 
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dependent variables. With proper selec- 
tion of R,,, the circuit can reach equilib- 
rium such that V,, converges. However, 
R,, should not be large enough to satu- 
rate the output. In this circuit, R,, is a 
separate 100-kQ, digital potentiometer. 
As the resistance varies from the mini- 
mum value to 35 kQ, the oscillation am- 
plitude varies from +0.6 to +2.3V. Us- 
ing 2.2 nF for Cand C’, anda 10-kQ dual 
digital potentiometer with R and R’ set 
to 8, 4, and 0.7 kQ, you can tune the os- 


cillation frequency to 8.8, 17.6, and 100 
kHz, respectively (Figure 2). The fre- 
quency error is +3%. Higher frequencies 
are achievable with increased error; at 
200 kHz, the error becomes +6%. Two 
cautionary notes are in order: In fre- 
quency-dependent applications, you 
should be aware that the bandwidth of 
the digital potentiometer is a function of 
the programmed resistance. You must 
therefore take care not to violate the 
bandwidth limitations. In addition, the 


frequency tuning requires that you adjust 
Rand R’ to the same setting. If you ad- 
just the two channels one at a time, an 
unacceptable intermediate state may oc- 
cur. If this problem is an issue, you can 
use separate devices in daisy-chain mode, 
enabling you to simultaneously program 
the parts to the same setting. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Time-delay relay reduces inrush current 


P Seshanna, Assumption University, Bangkok, Thailand 


line can sometimes cause a circuit 

breaker to trip or a fuse to blow. This 
phenomenon occurs even if the trans- 
former presents no load, such as when 
the secondary is open. The problem aris- 
es because of the heavy magnetizing in- 
rush current in the transformer. 
The amplitude of the current de- 
pends on the instant on the ac waveform 
at which the transformer becomes ener- 
gized. The inrush current is at its maxi- 
mum value if the transformer becomes 
energized when the ac waveform goes 
through its zero-crossing point. A simi- 
lar situation exists when a capacitor in 
a power-factor-improvement bank 
switches onto the line. In this case, the in- 
rush current is at its maximum when the 
ac waveform goes through its peak val- 
ue. Normally, a mechanical con- 
tactor effects the switching with- 
out any control of the instant of 
switching. The inrush current dies down 
exponentially to the normal operating 
value of the load within a few cycles. If 
the breaker trips from the initial inrush 
current, you close the breaker to re-en- 
ergize the circuit and hope for the best. 
You can limit inrush current by inserting 
a series resistor, R,, during switching and 
then shorting this resistor after the tran- 
sient period (Figure 1). 


Py iss can some SWITCHING onto a 
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NORMALLY OPEN RELAY CONTACT 


Lo—o No 
220V 


1 
50 Hz ! 


NOTES: 
RELAY IS VIVA JZX-2P. 
COIL IS 12V DC. 

D, TO Dy ARE 1N4007s. 


(TRANSFORMER/ 
CAPACITOR) 


RELAY-COIL 


VOLTAGE 
(V) 


0 02 '04 


0.6 


TIME 
(SEC) 


0.8 1.2 1.4 


Only after 330 msec does the time-delay relay short-circuit the resistor in series with the load. 
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Lately, designers have been inserting 
negative-temperature-coefficient ther- 
mistors in series with some loads, such as 
switch-mode power supplies. This device 
presents a high resistance at the instant 
of switching, thus limiting the inrush 
current. After a few cycles, the resistance 
of the thermistor drops to a low value, al- 
lowing normal operation of the load. In 
contrast, the circuit in Figure 1 physical- 
ly inserts a resistor in series with the load 
to limit the inrush current and then 
short-circuits the resistor after a time de- 
lay. You can adapt the circuit to any size 
load by suitably selecting the series resis- 
tor and the relay-contact rating. A draw- 
back of negative-temperature-coefficient 
thermistors is their limited joule heat-ab- 
sorption capacity. The circuit in Figure 1 
works directly from the ac line to which 
the load drawing inrush current is con- 
nected. 

The steady-state dc-current require- 
ment of the relay coil determines the val- 
ues of the other circuit components. You 
select capacitor C, such that the average 
value of the rectified current, I,,,., is equal 
to the current the relay coil requires. The 
coil resistance should be smaller than the 
capacitive reactance of C, at line fre- 
quency. Under these conditions, the av- 


erage rectified current is approximately 
Lap V(27£C,)/1.11, where V is the rms 
value of the line voltage (220V), f is the 
line frequency (50 Hz), and C, is the re- 
quired capacitor value. Once you know 
the relay current, you can select capaci- 
tor C, and the bridge diodes. The value 
of capacitor C, determines the delay 
time. 

The voltage across C, rises exponen- 
tially with a time constant, T=R, C, (Fig- 
ure 2). If you know the relay’s pickup 
voltage and its coil resistance, R, ,you can 
choose the required value for C,. It is easy 
to see that when you close the main 
switch, the circuit simultaneously ener- 
gizes the load drawing inrush current 
and the time-delay relay. A constant av- 
erage-current source drives the capaci- 
tor/relay combination, and the dc voltage 
rises exponentially. When this voltage 
reaches the pickup voltage of the relay, 
the relay’s normally open contact across 
the series resistor closes, thereby short- 
circuiting the resistor. When you open 
the main switch, the voltage across the re- 
lay coil drops, again exponentially. When 
this voltage reaches the dropout voltage 
of the relay, the contact opens. The resis- 
tor is again in series with the load and 
ready for the next switching operation. 


The pickup voltage of the 12V relay in the 
test is approximately 6V, and the contact- 
closure time is 330 msec, as the dashed 
line in Figure 2 shows. 

The important design considerations 
are as follows: 

@ The normal operating voltage of the 
relay must be less than 10% and must be 
lower than the ac-line voltage. 

@ C, determines the average operating 
current through the relay. 

@ The relay’s contact rating must be 
adequate to meet the load-current re- 
quirement. The relay in Figure 1 is small 
and has 12V-dc coil rating and 220V-ac, 
5A contact rating. The measured coil re- 
sistance is approximately 1600. 

The function of the 500 resistor, R,in 
Figure 1 is to limit the switch-on surge 
current into the time-delay-relay circuit. 
The zener diode, D,, limits the voltage 
rise across C, to 15V in the event of a re- 
lay-coil open circuit. You can use the cir- 
cuit in Figure 1 in the laboratory for en- 
ergizing a 220V, 1-kVA transformer for 
use in experiments. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Optimize linear-sensor resolution 


Steve Woodward, University of North Carolina, Chapel Hill, NC 


WIDE VARIETY OF SENSORS and 
Py cscs of physical phenomena 

work via the mechanism of variable 
resistance. These devices sense tempera- 
ture, light, pressure, humidity, conduc- 
tivity, and force, for example. Such sen- 
sors measure the physical parameter of 
interest by reading out the inherent pa- 
rameter-sensitive resistance or conduc- 
tance. All resistive sensors share the need 
for interface circuitry that provides a suit- 
able source of excitation current and ap- 
propriate gain and offset of the resulting 
parameter-dependent voltage. The cir- 
cuit in Figure 1 and the design equations 
provide a universal solution for an appli- 
cation-specific, optimum-resolution, ra- 
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tiometric interface of almost any resistive 
sensor. The technique works with any 
unipolar ADC with an externally accessi- 
ble full-scale reference. When you con- 
figure it properly, the interface circuit se- 
lectively maps the range of interest of 
sensor output resistance (R,,,,, to Ry,,,) 
onto the full-scale span of the ADC. The 
circuit thus optimally uses available res- 
olution that might otherwise be wasted 
on sensor resistances that lie outside the 
range of a given application. 

The circuit works as follows: R, sources 
the sensor excitation/bias current, I. The 
op amp boosts and offsets the resulting 
sensor voltage, I,R,, as a function of the 
R,-R,-R, network. When R,=R 


MIN? 


Vour= OV, and, when R,=R 
Veer Thus, R,=(Vour/ Vere) (Ryrax— 
Rum) tRyn Positive feedback via R, 
cancels the effect of voltage variation 
across R, and thus maintains constant- 
current excitation of the sensor through- 
out the R,,,,, to R,,,, range. You select R, 
through R, as follows: First, select a val- 
ue for I,. Sometimes, sensor limitations 
determine an appropriate value for I,. 
Self-heating errors, for example, may lim- 
it the maximum excitation current you 
can apply to temperature sensors such as 
thermistors and RTDs. But if the given 
sensor is indifferent to the magnitude of 
I, then you'll obtain optimum tolerance 
of op-amp offset and gain errors with 


MAX? Vour = 
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= Vel (Ryaxt Ryn): With I, known, 
se can compute the required gain: 


R,=GR,, where Z=V,,,.,/I,- 


REF 
For a practical example of how this cir- 


G=Vopep! (Ryrax 7 Ryn) Then, cuit can be handy in a real application, 
R,=(Z-R,,,,) + 1/G). consider a system in which you use a 
R,=Z-R,.. 1000, platinum RTD to sense tempera- 
R,=(G—-1)(R,R/Z). tures in the range of 25 to 50°C with 0.1° 

VREF 
2.5V 


Ry7—-R 
O Vour=Veer (gen ra re uu) : 


RuinSRtSRmax- 


Vour(Rmax—Rin) 
Ry= CUT MAX MIN’ + RMN. 
VREF 
1mA 
Ig=SENSOR REQUIREMENTS, 
OR 
VREF 
= = (Ruint+Rax) 
1000 PRTD V V 
AV=le(Ruax—Rein)s o-, Z= =. 
NOTES: B 
Riin=109.730 (25°C). ren 
Riway=119.400 (50°C). Ro=Z—Ry 
Re 
3=(G— a(R 5 
Ry=GR}. 


This circuit allows you to optimize resolution for sensors using resistive elements. 


resolution. The corresponding resistance 
range is 109.73 to 119.40. The 0.390/° 
C temperature coefficient would require 
at least 12 bits of conversion resolution 
without scale expansion. But you can 
make an 8-bit ADC suffice using the cir- 
cuit in Figure 1 with the values shown. 
The calculations are as follows: 1,=1 mA 
limits self-heating power to an acceptable 
120 pW. Assuming V,,.=2.5V, Z= 
2.5V/1 mA=25000. G=2.5/9.67/1 mA 
=258.5. It therefore follows that 
R,=(2500-119.4)(1+1/258.5) = 
23900. 
R,=2500—2390=1 100. 
R,=(257.5)(2390X110/2500) = 
27,1000. 
ee Oe e 0000. 
R,=9.67(V, )+109.73. 


OU of Viper 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Circuit adds programmability to sensor amplifier 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


cuit of Figure 1 offers a num- 

ber of advantages over the 
traditional approach using the classic 
three-op-amp instrumentation amplifi- 
er. The circuit can operate from a single 
supply and uses only two op amps and 
1% resistors. If the reference voltage, 
Varp iS OV, the transducer gain for the 
circuit 1s 


vy. {BitRe Y Ra 
a Ry R3 


To ensure equal gain for the two 
ground-referenced voltages mak- 
ing up the differential sensor volt- 
age, you must impose the following con- 
dition: 


T HE PRESSURE-SENSOR AMPLIFIER Clt- 


R,+R, _R;+R,y 
R Ry 
This restriction complicates the design 
and makes it difficult to add variability to 
the circuit. The circuit in Figure 2 has the 
same advantageous topology as the orig- 


Circuit adds programmability 
to sensor amplifier 


Add CAD functions 
to Microsoft Office 


Single IC forms pseudorandom- 
noise source 


LED dimmer uses only two lines. 


Circuit generates fan-speed control 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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Ri Ro 
piR (1—p,)R 


Rq 


O Vout 


R; Ry 
(1-py)R piR 


An improved circuit features programmability and fewer components. 


inal circuit, but it adds variability and 
programmability to the gain, simplifies 
the design expressions, and reduces the 
component count. Two ganged Catalyst 
digitally programmable potentiometers 
replace resistors R, through R,. The po- 
tentiometers’ wiper-to-low and wiper-to- 
high resistances establish the voltage 
gains of IC, and IC,. Because the poten- 


tiometers are identical, the end-to-end 
resistances are the same, thus meeting the 
(R,+R,)=(R,+R,) requirement. If you 
reverse the wiper-to-low and wiper-to- 
high resistances for IC, and IC,, R, andR, 
are equal. If you mathematically model 
the wiper-to-low and wiper-to-high re- 
sistances as (I—p,)R,,, and (p,)R,o, the 
gain expression becomes 
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Vogt —Vs_ 
~Pi 


The factor p, models the relative posi- 
tion of the wiper as it moves from one 
end (p,=0) of the potentiometer to the 
other end (p,=1). The number of values 
p, can assume is a function of the num- 


Vout = , FOR 0<p, <1. 


ber of taps on the potentiometer. The 
sensor gain is inversely proportional to 
(1—p,), is pseudo-logarithmic, and 
varies from less than unity to 31 for a 32- 
tap potentiometer, such as the CAT5114, 
and to 99 for a 100-tap potentiometer, 
such as the CAT5113. The voltage, V,....» 
represents a programmable offset voltage 


for the signal-conditioning circuit. You 
can easily implement the reference volt- 
age by using a digitally programmable 
potentiometer configured as a program- 
mable voltage divider. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Add CAD functions to Microsoft Office 


Alexander Bell, Infosoft International, Rego Park, NY 


ICROSOFT Worp has excellent 
Vi drawing capabilities. You could use 

it effectively to perform some CAD 
tasks, such as schematic entry. Word is by 
far the most popular text processor on 
the market, and it would seem desirable 
for technical writers to be able to create 
a single integrated document file com- 
bining both text and graphics in an ed- 
itable format. Of course, many third- 
party drawing or CAD packages are avail- 
able, but most of them cost a significant 
sum. Also, the use of third-party software 
components could raise licensing issues. 
Moreover, in a shared development situ- 
ation, you could face a document-inter- 
changeability problem. Some of your 
coworkers may lose the ability to perform 
schematic editing if the third-party com- 
ponent is not installed on their comput- 
ers. This Design Idea provides 
a great deal of flexibility, be- 
cause anyone who has Word can create 
and modify drawings using standard 
Word features. 

You can add some 
“convenience features” 
that can ease the sche- 
matic-entry process with- 
in Word. The first step is 
to create an Electronic 
Components Symbol Li- 
brary and add it to the 
Clip Gallery. You can use 
those clips with Word or n 
any other Microsoft Of- 
fice application. These 
applications sup- 
port drawing basi- 
cally in the same 
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[oinwing God BAS 
Snap > 
Snap objects to gic 
C Soap abjects to other obyects 
Ged settings : 
Horgontal spacing: foxe = 
yerteal spacing: | 
@dogn 
Use margre 
¥ Desplay g dines on screen 
 Verpeal every: fi = 
Horizontal every fi = 


Patent. |[_ox )_co_| 


To display this dialogue box, click on 
the “Draw” button in the Drawing 


Toolbar, shown in Figure 2. 


—— 
tae he @| amc \ NOOR 4H &- 2-4 SERBS. 


Create the component symbol by using Drawing 


Toolbar objects and then group them. 


way, with their built-in AutoShapes and 
Clip Art collection. In addition, you can 
use Clip Gallery with other graphics ed- 
itors that support object linking and em- 
bedding. You can even use Clip Gallery as 
a stand-alone program. (For more infor- 
mation, refer to Microsoft Help for the 
Clip Gallery and related topics.) The task 
of creating the components library com- 
prises several steps. 

First, open a new file and then adjust 
the grid-line settings. You can reduce 
“Horizontal Spacing” and “Vertical Spac- 
ing” to 0.02 in. for good resolution. Make 
the gridlines visible by checking the box, 
“Display gridlines on screen” (Figure 1). 
To make the Drawing Grid dialogue box 
pop up, use the Drawing Toolbar button, 
labeled “Draw” in Figure 2. Set the scale 
to its maximum: 500%. Save the file as a 
Template by using the “Save As” option 
and choosing “Save as Type: Document 
Template” with extension .dot (for ex- 
ample, MyCad.dot) in the Word Tem- 

plates default folder and then close the 
file. Now, when you open the new file 
for drawing, use this template as fol- 
lows: Go to the “File” menu item, click 
the “New” subitem, and then choose 
the “MyCad” template. Note that the 
grid lines are not printable objects; 
they are visible only on the screen. You 
could type the text, draw the schemat- 
ic, and then turn the grid lines off in 
the final document. 

The next step is to create the sym- 
bol and add it to the Library. Use 
Drawing Toolbar objects via the cor- 
responding buttons (Figure 2). After 
you have finished the drawing, select 
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mode. 


all of its constituent parts by pressing the 
Shift key and holding it down while 
making the selection and then right- 
click the mouse on the pop-up menu, se- 
lect the “Grouping” item, and click 
“Group.” Now, Word treats the created 
component symbol as Clip or Auto 
Shape Object, which you can move, re- 
size, and format as a whole image. To edit 
a part of the symbol image, you should 
first ungroup it, make the necessary 
changes, and then group it again. To add 
symbols to the Library, you should first 
create a new category in the Clip Gallery, 
which serves as a “container” for your 
graphic images and then copy and paste 
the symbols into the Gallery. The proce- 
dure is as follows: 

1. Open the Clip Gallery by clicking on 
the icon “Insert Clip Art” located at 
the Drawing toolbar. 

2. Click on the “New Category” icon 
(Figure 3) and type the name (for 
example, MyCad) for your Library 
when prompted, then click “OK.” 

3. Check to see whether the new “My- 
Cad” category icon appears in the 
Clip Gallery window (Fig- 
ure 4) and then click on > 
the icon to open it. 

4. Select the component you 
want to add to the Library 
and copy it to the clip- 
board (the shortcut for 
the “Copy” command is 
Ctrl-C). 

5. Paste the component to 
the “MyCad” Category 
(the shortcut for the 
“Paste” command is Ctrl- 
V). Type the name 
for the symbol 
when prompted 
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You can use the Clip Gallery with many Microsoft 
Office applications and even in stand-alone 


Cameqores | - 52 


and then click “OK.” 

6. Repeat steps 2 to 5 for any compo- 

nents you want to add. 

Figure 5 shows a variety of symbols in 
the MyCad Category. The usage of the 
Components Library is straightforward 
and similar to the usage of built-in Clips. 
To insert the symbol image into you doc- 
ument, you could use the Clip Gallery’s 
standard “Import Clips” feature or the 
“Drag-and-Drop” option, depending on 
your personal preference. The Clip 
Gallery has a Help utility you can use to 
obtain more information. You could fur- 
ther improve ease of use by adding 
macros to automate the most common 
tasks, such as resizing, rotating, or flip- 
ping objects or adding labels, for exam- 
ple. You can assign the macros to short- 
cuts (certain key combinations). 
However, only qualified users, who have 
extensive experience dealing with 
VBA/macros, should attempt these op- 
erations. Also, you must be aware of the 
security issues associated with the use of 
macros in the applications: 

@ Some macros can perform poten- 


SB Borrerciee Die tte Dry 
‘Seertt ter chips 
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re oF rEg Orde - 


After adding the components to the Clip Gallery, you can 
use them in the same way you'd use built-in Clips. 


Peer ipa eee 
+ + — BB Biimecrcips Gots cnine Dito + 
ss 3 Search tor cape [Type one or more words fi a 
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Add the new category, “MyCad,” which serves as your 
Components Library. 


tially dangerous and harmful ac- 
tions, and some of them may con- 
tain viruses. Use the macros at your 
sole risk without warranty of any 
kind. 

@ When using the Clip Gallery in a 
shared-development environment, 
and also with regard to network-in- 
stallation or distribution issues, re- 
fer to the licensing/legal informa- 
tion, “Legal restrictions for using 
clips provided in the Clip Gallery” 
in the in the Help menu and the Mi- 
crosoft Office End-User Legal 
Agreement, because certain restric- 
tions could apply. 

You can download several sample 
macros from the Web version of this ar- 
ticle at www.ednmag.com. You can use 
them to Add Label to the selected graph- 
ic component, to resize the component 
or to rotate it 45° clockwise. You can store 
macros in the Macro Module that you 
add to the default Normal.dot template, 
thus affecting all opened documents. Al- 
ternatively, you can store the macros in 
the Template Macro Module within the 
MyCad.dot file. In this case, the 
macros are available only for 
opened documents based on 
the MyCad template file. For 
more information on creating 
and storing template files, refer 
to the Microsoft online Help 
features. 


+ 
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Single IC forms pseudorandom-noise source 


Steve Ploss, Veridian, Dayton, OH 


source can be frustrating. Na- 

tional Semiconductor once 
made such a noise source for audio ap- 
plications, but it’s now hard to find. This 
situation leaves the designer with several 
choices, most of which involve using sev- 
eral ICs. You can take the analog ap- 
proach of using a lot of gain to amplify 
diode-avalanche noise, or you can design 
a linear-feedback-shift-register pseudo- 
random-noise source using multiple 
CMOS ICs. Alternatively, you 
could use a single-chip microcon- 
troller, such as Microchip’s 
12C508. The classic approach to 
generating a pseudorandom- 
noise sequence is to model the lin- 
ear-feedback-shift register in soft- 
ware. The method involves testing 
and XORing together multiple 
bits to provide the single-bit feed- 
back into the shift register. One 
problem with this approach is that 
it doesn’t yield the highest possi- 
ble bit rate. The approach in Fig- 
ure 1 is more optimum for using 
the lowest number of machine cy- 
cles per loop. 

The approach is similar to the one that 
CRC bit-shift algorithms take. These al- 
gorithms test only a single bit but XOR 
multiple bits in parallel. A microcon- 
troller quickly accomplishes the task. The 
bit-test and XOR operations require only 
three instruction cycles to complete. List- 


T= TO FIND A SINGLE IC noise 


2.5 TO 5.5V 
O 


BITS 
17 TO 23 


The shift register’s length in this pseudorandom-noise generator is effectively 25 bits. 


GP5/OSC1/CLKIN 
12C508A 
GP4/0SC2 


O] GP3/MCLRVpp 


GP2/TOCKI 


The connections for the 12C508 microcontroller are exceedingly 
simple. 


ing 1 shows the assembly code for the 
complete noise source. The entire loop 
takes only 10 instruction cycles. You can 
download Listing 1 from the Web version 
of this Design Idea at www.ednmag.com. 
The circuit in Figure 2 produces an out- 
put rate of 100 kHz for the 12C508 with 


O OUTPUT 


its internal 4-MHz oscillator. The 
shift register’s length is ef- 
fectively 25 bits, three bytes 
plus a carry bit. For a maximal- 
length sequence such as this, the 
pattern does not repeat itself for 5 
minutes and 35 sec. If you desire 
higher bit rates, you can simply 
use a 20-MHz part with a crystal 
to obtain an output rate of 500 
kHz. Another trick for increasing 
the rate is to use a part with an 8- 
bit output port and use that port 
in place of the Hibyte register. 
Then, the commands “movf Hi- 
byte,W” and “movwf GPIO” are 
unnecessary. The result is a loop time of 
eight instruction cycles and a 25% in- 
crease in output rate. Be sure to config- 
ure the port pins as all outputs. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


LISTING 1—12C508 ASSEMBLY CODE FOR PSEUDORANDOM-NOISE GENERATOR 
seeweeene PTItTITITiiTi titi tti tt titi ttt ttt optloa 
Paeugorandos noise generator povlw 
SEER EERE EERE EERE EERE EEE EE EERE EEE EEE EERE EEE HEHEHE EEE EEE EEE EE tris 
12/13/01 Stephen J. Floss 
7 Start 
main poviw 
novwt 
LisT priacsoga novewt 
povewt 
Sinclude *Pl2CSOBA, Inc’ 
loap rif 
—CONFIG _CP_LOPY & _WOUT_OPY & _IncitC OSC & _MCLAE OFF rit 
ig 
cblock On07 Start of GP Regs noviw 
brfsc 
Lobyte Shift Registers xorwt 
Midbyte e 
Kibyte auve 
nowt 
endc goto 
atart sovlw Ox0d Mo Wake om pin change, exn 
No pull ups. ignore timer 


the PN Cenerator 


OxuPe 
OPIO 


;Oely GPO as output 


OxrP :Initialize shift reg’s 


Lobyte 

Midbyte 

Hibyte 

Lobyte, F Perform shift 
Midtyte, F 

Kibyte,¥ 

Oxta Polynomial 
STaTus,c ¢Tese Carry 
Lobyte.F MOR if set 
Hibyte.w Get Hibyte 
oPro Send LSB to output 
loop 
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LED dimmer uses only two lines 


Jerry Wasinger, Wally Ware Inc, Norcross, GA 


steps of brightness control— 

from 0 to 100%—for a back- 
light or instrument panel, using just two 
general-purpose-microprocessor signals. 
In addition, the circuit requires little 
board space, because it uses only three 
SOT-23s and one «Max package. Al- 
though Figure 1 shows the circuit driv- 
ing white LEDs, the load could also be a 
dc motor or an incandescent lamp. The 
basis of the circuit is a modified Schmitt- 
trigger relaxation oscillator (Figure 2). 
The output of IC, is high when 


T:: CIRCUIT IN Figure 1 provides 32 


Vec—Vp-V; 
n| —cc YD YN 


Ty = CkRp | 
7 ° Vec—Vp—Vp 


> 


where k is the wiper position, V_, is the 
supply voltage, V,, is the diode voltage, 
and V,, and V, are the threshold 
voltages of the Schmitt trigger. 
The output of IC, is low when 


n= CU AR In| MOVE. 
Vp—Vn 

The period and duty cycle are 
T=7,+7,,, and DC=100r,,/T, where DC 
is duty cycle. Initial inspection of the 
foregoing equations may make the sub- 
stitutions to solve for the duty cycle ap- 
pear to be a tedious, algebraic exercise. 
But, when you substitute V_, V,,, V,, and 
V,, into the two logarithmic terms, their 
results are close in value. So, you can sim- 
plify the expanded solution to the duty- 
cycle equation to 


pc =100| __Re_ |= 
100 SRP = 100k. 
Rp 


Based on the above considerations, you 
can see that the duty cycle of the circuit 
is not only linear, but also independent of 
the selected components. The compo- 
nent selection affects only the center fre- 
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By controlling the duty cycle of a Schmitt trigger, you obtain 32 steps of brightness in an LED 


display. 


SCHMITT TRIGGER 


Dy 


POTENTIOMETER 
D2 


The MAX5160 digital potentiometer controls the 
duty cycle of the Schmitt trigger. 


quency of oscillation. An approximate 
equation for the operating frequency is 
f=1.75/(CR,). This circuit uses a 
MAX5160 digital potentiometer that has 
a full-scale resistance of 200 kO in com- 
bination with a 10-nF capacitor. This 
combination results in an operating fre- 
quency of approximately 875 Hz. Note 
that slight mismatches of the two loga- 
rithmic terms cause the frequency to vary 
slightly as you adjust the duty cycle. Fig- 
ure 3 shows a plot of duty cycle versus the 


100 


TAP POSITION 


The duty cycle of the 

Schmitt trigger is a lin- 
ear function of the potentiometer’s tap posi- 
tion. 


940 
920 
FREQUENCY 900 
(Hz) 
880 
860 
840 
ie} 


5 10 15 20 25 30 35 
TAP POSITION 
z Frequency also varies 
Figure 4 with the tap position, 
but with no effect on performance. 
potentiometer’s tap position; Figure 4 


shows the variation in the oscillation fre- 
quency with tap position. 


Is this the best Design Idea in this 
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Circuit generates fan-speed control 


Jim Christensen, Maxim Integrated Products, Sunnyvale, CA 


issue as electronic equip- 

ment increasingly enters the 
office and the home. Noise is propor- 
tional to fan speed, and the airflow— 
hence, fan speed—necessary for cooling 
is less at low ambient temperatures. Be- 
cause ambient temperature is lower 
than the upper design point most of the 
time, a fan can run slower, making it 
easier on the ears. Fan-control circuits 
range from simple switches that boost 
the speed from low to high, to digital, 
proportional speed-control designs. 
High/low-speed switches are inexpen- 
sive, but the sound of sudden speed 
changes can be annoying. Digitally con- 
trolled fans perform well, but the cir- 
cuitry is costly, and the system must in- 
clude a serial bus. As an alternative, 
consider a low-cost, self-contained ana- 
log circuit for fan-speed control (Figure 
1). You can easily adjust the circuit for 


F AN NOISE IS BECOMING a significant 


14 
12 
Cc 
10 
8 — B 
6.86 f° 
VOLTAGE (V) 6 
4 
2 
ee ee ee 
0 
0 5 10 15 20 25 30 35 40 45 
TEMPERATURE 
(°C) 


These curves illustrate voltage output versus temperature for the circuit in Figure 1. 


any desired linear relationship between 
the fan voltage and temperature (Figure 
2, curves B and C). We plotted meas- 
ured data points against the desired 
voltage in Figure 2. 


12VO 
- : S 


Si9424DY 


Curve A in Figure 2 represents the out- 
put of a MAX6605 analog temperature 
sensor versus temperature in degrees Cel- 
sius: Verrgog=0-0119 V/°C+0.744V. 
Curve B relates the fan voltage to tem- 
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This circuit delivers a continuous and linear fan-control voltage that is proportional to temperature. 
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perature and combines a minimum 
“floor” voltage of 8V with a sloping line: 
Vigan =0-114V/°CXT +6.86V, where T is 
the system temperature. The floor volt- 
age ensures fan rotation at low tempera- 
tures. Above 10°C, the voltage increases 
with a slope of 0.114V/°C until it reach- 
es full value at 45°C. Simply amplifying 
the MAX6605’s output does not provide 
the 8V floor voltage. Moreover, the gain 
(9.58=0.114/0.0119) needed to obtain 
the fan-voltage slope is not the same gain 
(9.22=6.86/0.744) needed to obtain the 
y-intercept point. 

To transform Curve A into Curve B, 
you must subtract a voltage offset from 
the temperature sensor’s output and then 
multiply the result by a constant. The cir- 
cuit in Figure 1 performs this operation. 
You connect the dotted line labeled “To 
reduce the offset.” One op amp creates the 
sloped line, and the second op amp cre- 
ates the floor voltage. The op amps’ out- 
puts connect to transistors in such a way 
that the op amp demanding a higher 


output voltage dominates. The following 
equations allow you to determine resis- 
tor values: 

For the condition in which R,<<R,, 
R,=any reasonable value; 5=R, 
(A ane ay |e 
ViremPo r Vy wre! Ay) ] > and R, i R, 
(A,-1), where A,=0.114/0.0119= 
9.58=the ratio of the desired slope in 
volts per degrees Celsius to that of the 
sensor; Vitempo = 0-744V =the tempera- 
ture-sensor voltage at 0°C; Vien 
6.86V=the y-intercept indicated by 
the desired (extrapolated) temperature 
curve; and V,,.,=3V=the reference 
voltage. 

Thus, choosing R,=301 kQ lets you 
calculate R,=3.158 kQ and R,=27.09 
kQ. The closest 1% values are 3.16 and 27 
kQ, respectively. The following equation 
lets you calculate the floor voltage: 
RS=R(Viroor Vrer)/(Vere)» Where R, 
equals any reasonable value. V,,,.,=8V; 
the desired minimum output voltage. 
Thus, choosing R,=100 kQ lets you cal- 


culate R,=169 kQ. In some cases, the re- 
quired offset gain is greater than the re- 
quired slope gain, so you must increase 
the temperature sensor’s natural offset. 
For a desired temperature, Curve C, ex- 
pressed as V,,,..=(0.114 V/°C)(T) +8.5V, 
the gain (slope) of A,=9.58 is the same 
as for Curve B, but the required offset 
gain is (8.5/0.744)=11.42 is greater. You 
therefore use the “To increase the offset” 
version of the circuit in Figure 1. The fol- 
lowing equation applies in such cases: 
R= Ri V sane! Ay = Veena / CY wae > 
VintclAy) =20.41 kO, where Vy c= 
8.5V is the intersection of the desired 
temperature curve with the y-axis. For 
R,=301 kQ, the closest 1% value for R, is 
20.5 kQ. 


Is this the best Design Idea in this 
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Make a simple ramp generator for stepper motors 


Richard Brien, GSI Lumonics, Wilmington, MA 


TEPPER MOTORS are synchronous 
motors that step at the pulse 
rate of the driving signal. For 
the motor to move quickly, the stepping 
rate must be fast. However, because of 
motor and load inertia, the motor often 
cannot go from 0 rpm to the desired 
number of revolutions per minute in one 
step. Therefore, most stepper motors re- 
ceive their drive from a pulse chain that 
starts out slowly and then increases in rate 
until the motor reaches the desired rate. 
To stop the motor, the drive signal must 
not abruptly stop; it must gradually de- 
crease or ramp down to zero. Micro- 
processors can easily generate the need- 
ed ramp-up and then ramp-down 
signals, often called a trapezoidal profile, 
but in any circuit without a microproces- 
sor, this ramp is difficult to generate. 
The 555-based bistable circuit in Fig- 
ure 1 can easily generate a pseudo-trape- 
zoidal move profile. Note that the timing 
string of R, and associated components 


does not connect to V_,, as it would in a 
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for stepper motors 
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to load changes. 


Encrypted routines impede 
hackers, protect licenses 


Capacitor improves efficiency 
ID CPU SUDDIV  secsssccestsrcsctaneconssassimasiends 86 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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This circuit generates a pseudo-trapezoidal motion-control profile for controlling stepper motors. 


normal circuit, but instead receives its 
power through a pushbutton switch. 
When you push the button, capacitor 
C, starts charging up to a point at which 
C, can start charging. As C, charges, the 
output frequency of the 555 starts off 
slowly and gradually increases to a fre- 
quency or pulse rate that’s a function of 


all the components in the timing string. 
This final frequency is lower than the fre- 
quency the circuit would adopt, if C, and 
R, were not in the string. When you re- 
lease the pushbutton, the 555 does not 
immediately stop running but ramps 
down in frequency until it finally stops 
(Figures 2a and 2b). The ramp frequen- 
cies generated do not follow a 
linear profile, but neither do 
those in most microprocessor- 
driven circuits. The ramp-fre- 


PULSE 
RATE 
) 
START| RUN | SLOW 
(a) TIME 
| TEs ea ia j Fs eee TE ee | 
SLOW RUN SLOW 
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(b) (PULSE RATE) 


The move profile from the circuit in Figure 1 is roughly 
trapezoidal (a); the step-rate profile exhibits low frequen- 


cies at ramp-up and -down (b). 


quency profile of the circuit 
should resemble that of Figure 
2a, depending on the 
component values. 

You can operate this circuit 
with a simple pushbutton. This 
concept opens a world of man- 
ual control to stepper motors. 
Usually, stepper motors do not 
use manual control, because of 
the difficulty of generating a 
trapezoidal frequency profile in 
hardware. With this circuit, you 
can use low-torque, low-revolu- 
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tions-per-minute stepper motors in sys- 
tems in which you formerly need- 
ed dc gearbox motors. By chang- 
ing the pushbutton to a dpdt switch, you 
can make a stepper motor run clockwise 
and then counterclockwise without mi- 
croprocessor control (Figure 3). These 
concepts also apply to stepper-motor- 
based linear actuators. You could also re- 
place the pushbutton with a control sig- 
nal from a computer or a controller, thus 
allowing stepper motors to take their 
drive from controllers that do not have a 
built-in ramp-generating function. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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By changing the pushbutton in Figure 1 to a dpdt switch, you can make a stepper motor run clock- 
wise and then counterclockwise without microprocessor control. 


Remote humidity sensor needs no battery 


Shyam Tiwari, Sensors Technology Private Ltd, Gwalior, India 


batteries for remote humid- 
ity sensors is undesirable be- 
cause these sources can be troublesome if 
you mount them in inaccessible points, 
such as smokestacks, cold-storage cham- 
bers, or darkrooms, where maintenance 
is difficult and inconvenient. Figure 1 
shows a simple way to remove the power 
source from the humidity-sensor circuit. 
The circuit uses a 160- to 200-pF, capac- 
itor-type HS1101 humidity sensor from 
Humirel for the circuit. IC, forms a clas- 
sic oscillator of time constant R,C,. The 
center frequency is 5 to 10 kHz, depend- 
ing on the value of R,. The circuit charges 
the 100-wF, low-leakage capacitor, C,, 
through the diode, D,, directly from the 
output line of the sensor oscillator, IC,. 
C, becomes the power source for IC,. 
When you make measurements, you 
stop charging C, for a short time by re- 
moving the Control Input signal (OV for 
charging and V_,, or floating for meas- 
urement). You then measure the fre- 
quency of the signal at the output of tran- 


U SING AC-LINE POWER sources and 
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Eschew troublesome power sources for remote humidity sensors by using this simple scheme. 


sistor Q,. Transistor Q, supplies enough 
current to charge C, through R,. The 
HS1101 sensor measures approximately 
160 pF at 0% relative humidity and 200 
pF at 100% relative humidity. Therefore, 
frequency decreases with increasing rela- 
tive humidity. Although the sensor has a 
linear response within +5% of full-scale 
range over 1 to 25°C, you should calibrate 


the circuit at several humidity points. You 
can find more details about the HS1101 
sensor at www.humirel.com or www. 
sensorstechnology.tripod.com/humidity. 
html. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Power source Is insensitive to load changes 
Ken Yang, Maxim Integrated Products, Sunnyvale, CA 


OR THE HEATING AND COOLING ele- 


ments common in industrial 12 
systems, resistance is not a Voo=Vep=15V, Vee=— 15V 


fixed quantity. These elements include 
such devices as positive-temperature-co- 1 
efficient heaters and thermoelectric cool- 
ers. Their resistance can change more 


Vpc=1V 


than 100% during operation, and the re- 0.8 
sult is a change in power dissipation for LOAD 
elements receiving drive from a fixed POWER 


voltage or current source. Worse, exces- ONY tus 
sive power can damage the heating or the oe ay — 
cooling element. Driving the element Vpc=0.5V 
with a fixed and regulated power driver 0.4 
overcomes these problems (Figure 1). 
The circuit is analogous to a voltage or a 
current source but delivers fixed power 0.2 
levels that are independent of the load re- 1 0) 100 1000 
sistance. A feedback loop senses load LOAD RESISTANCE 

power and automatically adjusts the out- (a) 

put voltage to maintain the desired pow- | Power delivery to the load is nearly independent of load resistance. 
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This regulated power source delivers fixed power to a varying load. 
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er level. The circuit measures the output 
current with a current sensor, IC, and 
then determines the output power by 
multiplying the current by the voltage 
with the use of a four-quadrant analog- 
voltage multiplier, IC, and IC,. 

Because the multiplier’s output is in- 
verted, you add a unity-gain-inverting 
stage, IC p to reinvert the output-power 
signal. Op amp IC, then compares out- 
put power to the reference power, V,,. in- 
put, and integrates any difference be- 
tween them. The integrator provides an 
automatic power adjustment by increas- 
ing or reducing the output voltage until 
output power equals reference power. IC, 
and Q, form a voltage follower that drives 
the load. The following formula sets out- 
put power: V,,.=10PR,,..... where P is the 
desired output power in watts, R,...., is 
the sensing resistor in ohms, and V,,. is 
the reference-power input in volts. If, for 


example, the desired load power is 1W, 
and R,,.4,=0.1Q, then set V,,, to 1V. 
Curves for load power versus load re- 
sistance for 0.5 and 1W loads show that 
power delivered to the load changes less 
than +7% for a change of 10,000% (two 
decades) in load resistance (Figure 2). If 
you define load regulation as the change 
in output power divided by the output 
power, then for a load change of 6 to 400, 
at 1W, the load regulation is +2%. For 
the circuit to work properly, you must 
calibrate the analog multiplier as Mo- 
torola’s MC1495 data sheet delineates. 
You repeat that calibration procedure be- 
low for convenience. Remove jumpers J, 
and J, for the calibration. 
1. X-input offset adjustment: Connect 
a 1-kHz, 5V p-p sine wave to the Y 
input. Connect the X input to 
ground. Using an oscilloscope to 


monitor test point T,, adjust R, for 
an ac null (zero amplitude) in the 
sine wave. 

2. Y-input offset adjustment: Connect 
a 1-kHz, 5V p-p sine wave to the X 
input. Connect the Y input to 
ground. Using an oscilloscope to 
monitor test point T,, adjust R, for 
an ac null (zero amplitude) in the 
sine wave. 

3. Output-offset adjustment: Connect 
the X and Y inputs to ground. Adjust 
Rouz until the de voltage at T, is OV 
de. 

4.Scale-factor (gain) adjustment: 
Connect the X and Y inputs to 10V 
dc. Adjust R,.,,,, until the dc voltage 
at T, is 10V dc. Repeat steps 1 
through 4 as necessary. 


Is this the best Design Idea in this 
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Encrypted routines impede hackers, 


protect licenses 


Lawrence Arendt, Oak Bluff, MB, Canada 


gorithms within licensed applica- 
tions can prevent hackers from 
cracking the licensed algorithms. More- 
over, you can use them to disable licensed 
features that a user doesn’t purchase. Li- 
censing schemes eventually arrive at 
some critical decision point at which an 
algorithm decides whether the user is en- 
titled to run that application. If not, the 
algorithm usually generates a console 
message or a message box to notify the 
user of his or her ineligibility. Then, the 
application terminates or continues in a 
feature-limited mode. The decision code 
generally resolves to one of the following 
(or similar) commands in assembly code: 
Jump/Branch if not equal (for exam- 
ple, JNE, BNE) 
Jump/Branch if equal (for example, JE, 
BEQ). 


Typically, a hacker searches a disas- 
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sembled listing for the termination mes- 
sage, finds the routine that displays the 
message, and then traces backward 
through the calling sequence until he lo- 
cates the decision code. Often, changing 
a single hex byte in a binary image of the 
executable code completely bypasses the 
decision logic. Or changing the byte can 
reverse the decision logic. (The new copy 
runs only if it does not have a license.) The 
edited file can then generate a new .exe 
file. For example, you could replace the 
hex code for a JNE with a JMP (jump al- 
ways) or a JE. To thwart hackers, 
1. Select the code, C,,,, consisting of a 
single routine or a block of contigu- 
ous routines, that implements the li- 
censing scheme. 
2. Compile the application, linking in 
temporary code C,,, that generates 
a CRC of the associated object bytes 
and then compress and encrypt the 


associated object bytes. Then, dump 
the output C_., toa file formatted for 
direct pasting into a C/C++ file. 
This file serves to initialize a const 
char array called EncryptedRoutines. 
3. Now, insert runtime code, C,,,, that 
copies the contents of Encrypted- 
Routines to a buffer and then de- 
crypts and decompresses the con- 
tents. Also, remove the original 
unencrypted code, C,,., and the tem- 
porary code, C,,. 
4, Finally, recompile the application to 
link in C,,, and C,, and to exclude 
Cun 
When the application starts up, it exe- 
cutes code C,,, which copies the en- 
crypted bytes from the EncryptedRoutines 
array into a dynamically created buffer. It 
then decrypts the buffer’s contents using 
a public key, K,, which the vendor pro- 
vides, followed by decompression. The 


PT? 
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routine computes a CRC of the decrypt- 
ed block. If this CRC matches the origi- 
nal CRC, the application then constructs 
a pointer to a decrypted entry-point 
function and uses the pointer to execute 
that function. CRCs that differ from each 
other indicate the use of the wrong pub- 
lic key, and the application terminates, 
because executing the still-encrypted 
code could be catastrophic. As a result, 
any system calls made from within the 
encrypted code do not show up in any 
disassembled listing. A hacker can detect 
them only if he or she is willing to acquire 
and use an emulator and trace through 
the execution. 

Compression of the code to be en- 
crypted—before encryption—prevents 
the hacker from simply replacing the en- 
crypted bytes with the decrypted bytes. 
Now, even if the hacker recovers the de- 
crypted bytes, he cannot subvert or 
change the licensing logic and then en- 
crypt and replace the existing encrypted 
bytes, because he does know the private 
key, K,. You should also encrypt all mes- 
sages that the encrypted routines use. 


Most compilers for Windows/DOS gen- 
erate position-independent code that re- 
sults in relative calls: Jumps and Branch- 
es. When the system compiles and links 
the original application, the compiler as- 
sumes that all code executes from code 
space. Subroutine calls compile into PC- 
relative call instructions with the correct 
displacements. However, the decrypted 
routines run out of dynamically allocat- 
ed data memory, so the displacements are 
all wrong. 

The solution is to force all subroutine 
calls from the decrypted routines to be 
made to absolute addresses. However, the 
absolute addresses of all linked functions 
depend on the compiler and the options 
used, the order of the linked libraries, and 
the size of the user code, which will change 
because of Steps 2 to 4. Three solutions 
to these problems are: 

1. If necessary, pad the code with dum- 
my instructions, such that the size of 
C,,+C,,, equals the size of 
Cor + Coy 

2. Link all subroutines called from 
within the decrypted code to fixed, 


user-specified addresses that will not 
change because of Steps 2 to 4. 

3. Use an encrypted table of absolute- 

runtime-function addresses. 

You can use the same concepts to pro- 
tect code that implements a licensed fea- 
ture. If you enter the correct public key, 
the decrypted code is usable. If you en- 
ter the wrong public key, the “decrypted” 
code remains encrypted, rendering that 
function unusable. You should use a 
unique private/public key pair for each 
licensed feature. Listing 1 shows Borland 
5.02 code fragments that illustrate the 
concept of running decrypted code from 
dynamically allocated memory. You can 
download Listing 1 from the Web ver- 
sion of this article at www.ednmag.com. 
The programmer can decide the imple- 
mentation details of the CRC generation, 
compression, and private/public key 
algorithms. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


LISTING 1—ROUTINE FOR GENERATING ENCRYPTED CODE 


ide GENERA TE_ENCRYPTED_CODE 

\ This @ the licensing fenction we want t protect 

wold QheckPorLicense (vend *pRistisrePrantf, wud *pRumtire Exit) 
{ 


woid (*pEsit'y int) 


) urecramble absolute adthemes and create pointers to funcboes we will call 


= (woud (* x ineyM (char *) 


int (*pPrintf comet char *_..) ~ (iat ("comet char *._)X(char *)pRuntimePrint! « Oe 76532984) 


pPrinef ("Verifying lioense._\n"); wee a function call 
toot HaveLicense ~ fale; 

© insert code here to deterrane if we have = licerme 

if (HaveLicense —~ fale) pExai0}; 


' 
wort End () (5.1 


vou! Encrypt (UCTIAR *Daf, int eeftuf) 
‘ 
foe (ine tO; xe Buf, i++) 
Buffs) = (UCHARM(Balfi] +) * (0); 


} 
vou! SaveBaef (UCHAR *Huf, it sHaf) 
{ 
FILE *fp = fupen (“code.cpp", “e*) 
foe (tex 10, i<azBuf, i++} 
fpeinet (fp, “Ox O2X., ”, Bufliy, 
felose (Mp), 
! 
vou! Genewate (void) 
{ 
UCHIAR Buffer] 100); 
int aCode, oC Bytes; 


seCode ~ (char *iind-(char *)CheckForlscensc, |! get dee wae of the fimection 


+ RDOTESYIA) eoast UCHAR 


Mdefine SIZE! 43 


for (itt 0, i<az But, i++) 


! 
Pence 


vos? mais (rox!) 


k 


memepy (Buffer, CheckFerLiceme, axCodek — copy the original routine exai0}, 
aut CRC = Get RO(Buller, axCode) 
aCBytes © Compress Buffer, sxCode), 1) usex-seppplied code. eCBytes ~ sine after comperssion | "Create # pointer to the code 


 emerype it 


| 
Selse of GENERATE_RUNTIME_OODE 


\/ execute the 


Pondif 


{ 
ifdef GENERATE ENCRYPTED_CODE 
Generatet 


if (GeeCRO(Ram, SIZE1) != CRC1) 


a table ef encrypeed adeodute sutcounne addresses linked for Me runtime executable 
wohl “Abs Addr Table(3) = { (wot *X(char *iprmntf + Ox76532984), 

(vost *M(char “exit + OxDPLEOI9A) 

(vont "Find 1663874), 


1-4 

ORAA, 0477, 0613, ORAA, Oe 74, Oe98, CRIA One 70, Oe HO, OR99, O53, On 18, OnC], GxbA, OxAd, Oxf), 
OxFA, 06), On05, On5), Ox 76, O97, Ou6), OntS, OnllP, OxFP, OnPC, Orel, Ox06, Oxf? Ox IF, a4}, 
OndF, On48, OFA, OS |, O2FF, OnFE Grc20, (eS, Ou54, Ox S50, 38}; 


) can add random 5 0 confess backers 


define CRC] 027682 / CRC of original code 

0 size of cviginal code before compression 

0 Thus code just urecrambles for ilbestration. Use a truc private'peblic key algonithes in your application. 
vo! Decrypt (UCHAR "Buf, int sriituf) 

0) jest used to get ster of the oragizal code t be encrypted { 


4 This code just scrambles for ilhestration. Use a trac private'peblic key slgonthes im your application Baffi] < (UCHARY (Bulli) * (~i)) - a); 


exit 0}, 

@else if GENERATE_RUNTIME_CODE 
mt nCBytex = sizeof[EncryptedRoume!), 
UCHAR "Ram ~ sew UCHAR[SIZELL 


0 check if hawe decrypest correctly 
a0, code is still encrypaed, so quit 


void (*pCheckFocLicense} raid *, void *) = (votdi* youd *, wid *)Ram; 
decrypted code 
pCheokFinl soease( AbsAddeTuble(O), AbsAddeTablel 1 [). 


) ether wier code 
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Capacitor improves efficiency in CPU supply 


Masami Muranaka, Maxim Integrated Products, Tokyo, Japan 


the de/dc buck converters that sup- 

ply high currents in notebook PCs. 
This efficiency extends battery life and 
minimizes temperature rise. A low-dis- 
sipation synchronous rectifier using an 
external MOSET provides this high effi- 
ciency. Synchronous rectifiers require 
special attention, however. Poor designs 
allow shoot-through current when the 
high- and low-side MOSFETs conduct si- 
multaneously. Some designers believe 
that providing enough dead time be- 
tween the turn-off of one MOSFET and 
the turn-on of the other can eliminate 


H IGH EFFICIENCY IS IMPORTANT for 


ZMODE 
SUS 


MULTIPLEXER P 
CONTROL p> 


REF 
SUSPEND- 


INPUT 
DECODER 


27.4k 


MAX1718 


this problem, but using dead time is in- 
adequate in some applications. Figure 1 
illustrates a step-down power supply in 
which a step-down controller, the 
MAX1718, provides the CPU’s core sup- 
ply. Recent CPU cores require a 1 to 2V 
supply rail at more than 20A of input 
current. The input-voltage range, on the 
other hand, is 7 to 20V. This scenario dic- 
tates a low duty cycle for the high-side 
MOSFET. 

Obtaining high efficiency with a low 
duty cycle requires different types of 
MOSFETs for the high- and low-side de- 
vices, Q, and Q,, respectively. Q, requires 


5V INPUT 
O 


0.22 uF 


4.75k 


511k 


A buck-regulator IC drives external power MOSFETs to form a CPU-core power supply. 
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CENTRAL 
SEMICONDUCTOR 
CMSH5-40 


high switching speed even if its on-re- 
sistance is relatively high, but Q, requires 
low on-resistance even if its switch speed 
is relatively low. This combination of pa- 
rameters allows no possibility of shoot- 
through current when Q, turns on, be- 
cause Q,’s fast turn-off occurs first. 
Because Q,’s turn-off is slow, however, 
you must allow enough dead time before 
Q, turns on. The MAX1718 solves this 
problem by monitoring Q,’s gate voltage, 
thereby ensuring that Q, turns on only 
after Q, shuts completely off. 

Now, consider a third condition lead- 
ing to the possibility of shoot-through 


BATTERY 
L 7 TO 24V 


25V 


T Sx10 uF 


Coen OUTPUT 
nm 0.004 nes 
SUMIDA poe 
CEP125#4712-T011 + 6x270 pF 


2v 


WHEN Qgp IS LARGE, 
AN ADDITIONAL 
CAPACITOR CAN 

IMPROVE EFFICIENCY 


100k 


POWER-GOOD 
O OUTPUT 
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current: a rise in Q,’s gate voltage when 


Q, turns on because of high dV/dt WITH 4700-pF 
at Terminal LX. That condition CAPACITOR 
can appear even with sufficient dead a0 
time, because it involves high current 
flow into Terminal DL through Q,’s gate- 
drain capacitance, Q,,,. The MAX1718’s 
ample current-sinking ability at DL 
solves this problem. Sometimes, howev- alice 7 
er, if Q,’s gate-drain capacitance is large, 

the trace from DL is long, or both, you 
can eliminate the shoot-through current 
by adding a capacitor of several thousand 
picofarads between the gate and the 
source of Q,. Figure 2 shows that the ad- 
dition of a 4700-pF capacitor improves 
the high-current efficiency of the circuit 
in Figure 1 by a considerable margin. 
However, note that using a too-large gate- aa i 16 ‘06 
source capacitor, Q,, can increase the LOAD CURRENT (A) 


driver’s losses. NOTES: 
BLACK LINE REPRESENTS TWO pPA2701s. 
RED LINE REPRESENTS TWO pPA2700s. 
Vin=20V; Vout=1.3V. 


WITHOUT 
CAPACITOR 


60 


50 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. The addition of a capacitor increases high-current efficiency by approximately 3%. 
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IR distance ranger covers 1 to 20 cm 


Paul Florian, McKinney, TX 


OMMERCIALLY AVAILABLE IR dis- 
tance rangers typically han- 
dle a 3- to 30-in. detection 
distance. Many times, it is necessary to 
determine smaller distances. The circuit 
in Figure 1 is useful for measuring small 
distances to reflective surfaces. Its meas- 
urement range is from less than 1 cm to 
approximately 20 cm for a flat, white sur- 
face. The output of the circuit is an ac- 
tive-high pulse at connector P,. A 12- 
msec pulse corresponds to the minimum 
measurable distance; the output fre- 
quency is approximately 25 Hz. If the cir- 
cuit detects no reflection, then the output 
at connector P, remains high. IC, , isa 0.1- 
mA current source. The source charges 
C, and produces a linear voltage ramp. 
Every 40 msec, the output of IC, switch- 
es lowand discharges C, through D,.IC,, 
and Q, buffer the voltage on C,.Q, ramps 
the current through the IR LED from 0 to 
60 mA. IC, is a synchronous-detection 
photo IC. IC,’s output switches low when 
the IC detects a reflection from D.,,. 
When the reflection distance is small, 
not much current through the IR LED is 


IR distance ranger covers 
1 to 20cm 


Digital volume control 
has log taper 


Tricks improve on 
Excel LCD initialization 


Unidirectional counters accumulate 
bidirectional pulses 


Circuit forms UPS for USB devices 


Gircuit forms high-frequency 
polarity clamp 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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NOTES: 
IC]: TEXAS INSTRUMENTS TLV2252IP. 


T 
2N3904 


CATHODE 


: IC3 
OUT s6846 


ICz: NATIONAL SEMICONDUCTOR LM555CN. 


IC3: HAMMAMATSU S6846. 
Dz: LUMEX OED-EL-1L2. 


This circuit detects distances considerably lower than commercial IR rangers. 


necessary to trigger the photo IC, and the 
pulse-width output is short. When the re- 
flection distance is greater, it takes more 
current through D, to trigger IC,, and the 
pulse-width output is greater. The max- 
imum pulse width is always less than 40 
msec. The duration of the output pulse 
also depends on the color of the reflect- 
ing surface and the alignment of D, and 
IC,. D, and IC, are spaced 0.5 in. apart. 
A piece of heat-shrink tubing shields the 
sides of D,. To align the circuit, leave 
some extra lead length when you mount 


D, and IC,. Next, make small bends in the 
positions of these components while 
monitoring the output pulse width to 
achieve the minimum pulse width for a 
given distance to a reflective surface. With 
careful adjustment, a detection range of 
20 cm is possible to a flat, white surface. 
The detection distances for nonwhite 
surfaces are lower. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Digital volume control has log taper 
Doug Farrar, Los Altos, CA 


IGITAL POTENTIOMETERS provide a lem, a user must usually step the poten- cost, digitally attenuated audio amplifier 
compact and convenient way to at- _ tiometer ina nonlinear sequence to sim- _ that does not use a digital potentiome- 
tenuate audio-amplifier signals. ulatealogarithmic taper. For thisreason, _ ter. The circuit attenuates the signal in 
However, most such potentiometers suf- the potentiometer needs many taps, and __ logarithmic steps, by using an inexpen- 
fer from at least one flaw: a nonlogarith- you need software help to complete the _ sive 8-to-1 analog switch as its “poten- 
mic step increment. To avoid this prob- design. The circuit in Figure 1 isa low- _ tiometer.’ The resistor string, R, through 


= = = = = c 
6 dB 3 dB OdB 3 dB 6 dB 9dB -—12dB dB 2.770 5.5V 


Ri Ro R3 Ra Rs Re R7 Rg 
4.02k 4.22k 4.22k 4.02k 3.57k 3.01k 


Vo —2-s2 


VOLUME \, 10} 5] 
BITS . = 7 , 

IC2 Vee 
74HC4051 


Vo 


This circuit sets audio gain logarithmically in 3-dB steps. 


VOLUME BITS 


ies 
Q2 74HC193 


Up/down pushbutton switches step the gain in the circuit of Figure 1. 
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R,, sets the gain of power amplifier IC,. 
Analog multiplexer IC, selects one of the 
eight tap voltages and applies it to IC,’s 
inverting feedback node. Because only 
one bias current flows through the non- 
linear switches, the topology introduces 
no measurable distortion. 

The amplifier changes gain in 3-dB 
steps, starting from a high of 6 dB, then 
decreasing to 3 dB, 0 dB,...—12 dB, and 
finally —° dB (in other words, “mute” or 
“off”) as you step the volume bits V, to 
V,, from 7 to 0. If you don’t want to turn 
off the amplifier at the minimum-vol- 
ume setting, you could change resistor R, 
to a finite value for whatever end-atten- 


uation level you desire. The assumption 
in Figure 1 is that your system has a way 
to generate the 3-bit volume codes. For 
those applications that do not have these 
bits available, you can use the circuit in 
Figure 2 to generate them. Pushing 
switches S, and S, clocks up/down count- 
er IC, up and down, respectively. Tran- 
sistors Q, and Q, decode the counter’s 
zero state and disable the down clock 
when the count reaches zero. In this fash- 
ion, the circuit limits the counter to a val- 
ue of 0 to 7. Once you attain a maximum 
or minimum volume, further pushes on 
the up and down switches, respectively, 
have no effect on the volume setting un- 


til you go in the opposite volume direc- 
tion. Standby-current consumption of 
the logic is almost entirely a function of 
the resistors you use for Q, to Q,, because 
the logic chips use almost no power. You 
can set a nonzero power-up volume by 
using IC,’s load (LD) pin when you first 
apply power. In Figure 2, the counter 
powers up at a “4” volume, rather than 
“0” (muted). 74HCXX logic operates 
over 2 to 7V, but the power amplifier, IC, 
uses 2.7 to 5.5V. Therefore, IC, sets the 
operating-voltage range. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Tricks improve on Excel LCD initialization 


Aubrey Kagan, Weidmiiller Ltd, Markham, ON, Canada 


= 


PREVIOUS DESIGN IDEA on us- 
ing Excel for LCD initializa- 


tion relies on the user for cut- | 1 pg WTS 
Ps . . ee. 
ting and pasting from Excelintoan | 
shams s-° suns) 


editor (Reference 1). It appears that 
it would take a minimum of six 
keystrokes or mouse strokes from 
one character to a new character to 
perform this operation. This pro- 
cedure does not allow for the addi- 
tion of comments, which would be 
advantageous in the maintenance 
of the character set. Over a set of 64 
characters, a user would take near- 
ly 400 actions. The use of 
macros would allow for the 
reduction of these keystrokes or 
mouse strokes and would probably im- 
prove the previous idea. 

In using such macros, rather than copy 
the numbers associated with characters 
into the text editor, as the previous De- 
sign Idea suggests, you append each se- 
quence of numbers to a text file. When 
the character set is complete, you can 
open the text file, massage it with find- 
and-replace techniques, and then paste 


arses * 


. 
. 


. 
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initialization. 


it as a whole into a target file. An added 
benefit is that each sequence appears on 
a single line rather than having a line for 
every row of the display. You can main- 
tain this original file for use in both high- 
level and assembly programs if the need 
for repeating the process ever arises. 

The macro in Listing 1 performs the 
following tasks: 

© Prompts the user for a comment as- 


—s 


: | 
».4% matrix and sets the top-left cell of 


This Excel configuration simplifies LCD-matrix 


sociated with this character. 

@ Creates a line consisting of a 
leader, data separated by a delim- 
iter, a comment symbol, and the 
comment already entered. 

@ Takes the file name from the 
spreadsheet. If the file does not ex- 
ist, the macro creates a file with the 
line appended to it. Each time the 
macro runs, it opens, adds to, and 
closes the file. 

® Clears the entries in the LCD 
the matrix as active, ready for the 
next character. 

All the parameters represent 
data in the cells of the spreadsheet. 
The file name is in cell Al. (The macro 
appends the “txt.”) Cell B26 has the 
leader, B27 has the comment symbol, and 
B28 has the delimiter between the num- 
bers in the file. You can use this data in as- 
sembler or C or some other language, so 
the listing generalizes. C would ignore 
the “/* db */,” and you could universally 
replace it with “db” if you use an assem- 
bler. Similarly, you could globally modi- 
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fy the comment notation, “ ;//” (with a 
space before the semicolon), in the text 
file as well. The trailing comma of the line 
of data is needed in C as part of a con- 
stant array but in assembler would gen- 
erate an error. If you're using an assem- 
bler, the global search would look for the 
sequence “ ;//” and replace it with a space 
and a semicolon. Because of the incon- 
sistent way text editors deal with tabs, the 
listing avoids using the tab character. By 
modifying the cells, you can easily cus- 
tomize the format. You can implement 
other changes by modifying the macro, 
written in Visual Basic for Applications. 
The following is a sample line from a file: 

/* db*/4,12,4,4,4,4, 14,;//this is 
a“1” on a5X7 matrix. 


A button on the spreadsheet allows you 
to run the macro with a single click (Fig- 
ure 1), so you need not switch from the 
mouse to the keyboard to run the macro. 
You can also run the macros from Ctrl- 
key combinations. (In Excel, you should 
note that, to run a macro, you must have 
completed data entry into a cell.) The 
matrix’s 10 X 16-cell format is also gener- 
alized. You can alter this format by en- 
tering the number of columns in B3 and 
the number of rows in B4 and clicking on 
the Shade Matrix button. This action ac- 
tivates a second macro that shades out the 
cells not in use. Clicking on the Update to 
File button triggers a pop-up window re- 
questing a comment. You need not enter 
the comment symbol, because the macro 


automatically enters it. The macro then 
appends the line to the file. The unused 
rows do not appear in the file. You can 
download the Excel file in Listing 1 from 
the Web version of this Design Idea at 
www.endmag.com. 


REFERENCE 

1. Bitti, Alberto, “Excel offers painless 
LCD initialization” (EDN, Sept 20, 2001, 
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Sub SaveCharacter() 


* SaveCharacter Macro 
* Macro recorded 1 1/1441 by Aubrey Kagan 


* Keyboard Shortcut: Ctrl+Shifi+T 


‘if file does not exist then create it. 
Dim sFname As String 
Dim sX As String 
Dim iPoint As Integer 
Dim sComment As String 
Dim iUtil As Integer 
Dim iFileExists As Boolean 


sFname ~ Range("Al"). Value 
sFname = sFoame & "txt" 


8X = Dir(sFname) 


LISTING 1—SAVE-CHARACTER EXCEL MACRO 


sComment = InputBox("Enter you comment for this Character", “Comment 


Creation") 


8X = (iPoimt + iUtil) 
sX ~"R" &sX 
aX =sX & "C14" 


Next 


Print #1, sComment 


Open sFname For Append As #1 
Print #1, Range("B26"). Value; 


For iUtil = 0 To (Range("B4"). Value - |) 


‘placing the cursor at the data address 
Application.Goto Reference:=3X 
Print #1, ActiveCell. Value; 

Print #1, Range("B28"). Value; 

‘print value followed by the delimiter 


sCommemt = Range{"B27") Value & sComment 


[f sX <>"" Then 
iFileExists ~ Troe ‘ensure all files are closed 
Bise Close 
iFiicExists ~ False ‘as. a final step clear the page for the next character 
Open sFrame For Output As 41 Range("D9:M24").Select 
‘uke the comment symbols an place the file name as the first Selection.ClearContents 


comunpent ‘move to the top lefi hand of screen 


‘first deal with rows 


sX ~ Range("B27"). Value & sFname iPoint = 24 
Print #1, 8X Point ~ iPoint - (Range{"B4"). Value - 1) 
Close #1 8X = iPoint 
“fle created and saved ‘type conversion 
End If 


aX="R" & aX &"C" 


‘now We print a range of values across the page ‘concantenate for rows and add C for columns 


‘associated with the bytes for the pixels iPoint «13 

ost 26 iPoint = iPoint - (Range("B3"). Value - t) 
iPoint = iPoint - (Range("B4"). Value - 1) sX ~sX & iPoint 

sx - iPoint ‘should do the conversion as well 
converting Lyp to string Application.Goto Reference:=sX 
sX="R" & sX 


sX —sX & "C14" 
‘pointing at the start of the data 
Application.Goto Reference:=sX 


End Sub 


‘get character description 
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Unidirectional counters accumulate 


bidirectional pul 


SeéS 


Stephen Woodward, University of North Carolina, Chapel Hill, NC 


UADRATURE-OUTPUT __ incre- 

mental optical shaft encoders 

are popular in high-perform- 
ance, bidirectional rotation-sensing 
applications. Available with resolu- 
tion options extending beyond 2000 
pulses/revolution, incremental en- 
coders provide a fast, inexpensive, 
and reliable way to digitally read out 
bidirectional mechanical motion. 
The encoders are fast, too; you can 
usually operate them at 10,000 rpm 
and faster. However, the interface 
logic they need can sometimes be 
somewhat problematic. Such 
logic typically includes at 
least one long-bit-length (for exam- 
ple, 16-bit) bidirectional counter. Al- 
though several handy peripheral 
chips, such as the 8253, 8254, and 9511, 
are available that implement flexible uni- 
directional counting, bidirectional-count- 
er chips are relatively scarce. ASICs exist 
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These timing signals illustrate the operation of the 
circuit in Figure 1. 


that can provide the needed function, 
and hard-wired or programmable logic is 
a viable approach. Unfortunately, none of 
these alternatives is ideal from a cost or 


pce-board-area standpoint. The configu- 
ration in Figure 1 combines the indus- 
try-standard 82C54 unidirectional 
counter-timer peripheral chip with sim- 
ple software to provide a convenient in- 
terface of quadrature encoders with the 
ISA I/O bus. The technique digitizes bidi- 
rectional motion without tears. 

As Figure 2 illustrates, the trick is to 
use two unidirectional counters of the 
three that the 82C54 contains. You use 
one counter for each encoder-rotation 
direction. One of the encoder quadra- 
ture-output signals, A, drives the gate 
pins of both counters. This connection 
selectively enables counting once every 
encoder-output cycle. A couple of 
Schmitt-trigger inverter stages phase- 
split the other encoder output, B, into 
two complementary signals. One phase 
drives the trigger input of the clockwise 
counter (82C54, Counter 1); the other 
phase drives the trigger input of the 
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OVE DO 100 = JOADE: C1 OO + 12 1 + KS 8254 COUNTER ADDRESSES 
= oO WUT ICS, E70 OUT ICS 21D * SETUP CWYOCW COUNTERS IN Ct AND C2 
A27 Q AA lig OUT ICS, HDC: * LATCH Cwocw 
As00.At IL = IMPICT 1CW = INF) 
A31Q ML = INPYCD: JOCW = INFYICZ) 
TOR m Wl, Nk: OAT 1 Ww INTTIALIZE CWOOCW COUNTERS 
2 OUT 1C2, DL: OUT 1C2, NOCw 
sao 3g * OFFSET = 11. - 2b « 246! * (CW JOC) 
oA? 3,4 69 1 12 CLS: PRINT TABI, “MOTION. CONTROL ADAPTER DEMO" 
ae A8 5 BD: DY Ta] 2) PRINT TAIN IS); “WS, WOODWARD...March 14, 1990" 
Al he 12 BO [3 AROUNTD 
A260 : 9 OUT ICS, ABDC: * LATOH CWAXCW 
~— 5g 4 TL @ INFKT) 11M = INI IF 1M > ICW THEN OFPSET « OFFSET + 85534 
8130 ed) iCW «11M 
1. ~ INFKT) QM = IN FF DM > 1OCW THEN OFFSET = OFFSET ~ 4556 
iocW «lM 
LOCATE 3, 1h PRINT UL — OL. + DSet * (LIM — 12M) OP PRET 
This technique uses unidirectional counters to encode bidirectional encoder GOTO AROUND 
signals. 
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counterclockwise counter (82C54, 
Counter 2). The result is that only the 
clockwise counter, Counter 1, is active 
during the active B transition during 
clockwise rotation, and only the coun- 
terclockwise counter, Counter 2, is active 
during counterclockwise rotation. 
Listing 1, written in MBasic, suffices to 


periodically latch, read, and sum the 
counter contents to produce a continu- 
ous 32-bit readout of encoder position. 
You can download Listing 1 from the 
Web version of this Design Idea at 
www.ednmag.com. The technique can 
easily accommodate pulse rates as high as 
500 kHz. Passive RC filtering and 


Schmitt-trigger signal conditioning pro- 
vide robust rejection of noise pickup in 
the encoder cabling. The design is thus 
suited for typical industrial motion-sens- 
ing applications. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Build a UPS for USB devices 


Mark Cherry and Jean-Claude Ailloud, 
Maxim Integrated Products, Sunnyvale, CA, and France 


circuitry that derives power 

from an external source, 
such as USB. When the system discon- 
nects from the USB supply, a battery 
takes over and supplies current via a 
dc/dc converter. A diode-OR connection 
(Figure 1) offers the easiest way to ensure 
that the supply voltage doesn’t sag dur- 
ing this switchover to the battery. The 
diode’s forward voltage drop, however, 
can reduce battery life and efficiency. The 
single-cell, boost-converter circuit with 
external PFET (Figure 2) is an improve- 
ment over the diode-OR connection. The 
PFET, Q,, coupled with IC,’s internal 
gain block, forms a linear regulator. The 


Piss SYSTEMS OFTEN include 


Vout 


Vo>V1 
t pattery- 
= ONBOARD 
PORTABLE 
SYSTEM 


A diode-OR connection is effective but lossy. 


USB power supply has a diode-OR con- 
nection to Q,’s source. Setting the boost 
converter’s output to 3.4V allows the 
drain of Q, to regulate to 3.3V. This con- 


POWER 


PGND GND 
— 
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A boost-converter circuit is an improvement over the simple diode-OR connection. 


figuration produces negligible loss in Q.. 

The bus-supply voltage available to 
USB devices ranges from 4.4 to 5.25V. 
When you connect the bus, it forward-bi- 
ases D, and causes the boost converter to 
idle. The converter continues to idle as 
long as its output remains above the 3.4V 
regulation point. The bus supply serves 
the load and activates the current source 
to charge the battery. Adjusting R, allows 
you to set the current-source output to 
charge the nickel-metal-hydride cells at a 
level one-tenth the battery’s capacity. Dis- 
connecting the circuit from the USB sup- 
ply causes the boost converter to cease 
idling and supply current to the load via 
the battery. Figure 3 shows that the load 
current suffers no interruption during a 


FROM PC switchover from USB to battery. 
ceed Luss PORT 
WV 
| men | Is this the best Design Idea in this 
= WW 0) issue? Select at www.ednmag.com. 
Ri 
D3 ; 
Ww. 
Wek Stop i 
PORTABLE | + I TO LOAD ° 
SYSTEM'S a7 F a 
BATTERY PACK NODE 1 be 
- (5V/DIV) 
SS a 
NOE2 «<«-«J/»P—@au&ge 
(2V/DIV) 
0.22 pro NODE3 
(2V/DIV) 
| Figure 2 | 00 mantireir vel 
mSEC/DIV 


mes 
These waveforms (bottom trace, load 
voltage) show that the load current suf- 
fers no interruption during a switchover from 
USB to battery. 
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Circuit forms high-frequency polarity clamp 


Shyam Tiwari, Sensors Technology Private Ltd, Gwallor, India 


OU NEED A NEGATIVE Signal clamp to 
y protect an ADC against negative-go- 
ing signals while measuring 
the positive pulse shape of the sig- 
nal by digitizing the waveform. In other 
words, you must clamp negative signals 
at OV. The circuit in Figure 1 can clamp 
either positive or negative pulses to 
ground. The circuit uses a fast MAX- 
477EPA amplifier to drive the Q, or Q, 
to clamp signals of either positive or neg- 
ative polarity. Q, forces negative signals 
to a OV level; Q, does the same for posi- 
tive signals. You use an spdt switch to 
choose the transistor of interest. The cir- 
cuit works over 1 kHz to 10 MHz. You 
can also make the clamp operate at fre- 
quencies as high as 100 MHz by replac- 
ing C,with a 1-kQ, 0.5W resistor. How- 
ever, the output would need another 


OUTPUT 


This simple circuit clamps either positive or negative signals to ground. 


MAX477EPA buffer amplifier to drive the 
50. signal cable, because the circuit’s 
output impedance increases to 1 kQ. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Simple phototimer controls load 


Abel Raynus, Armatron International, Melrose, MA 


Edited by Bill Travis 


5V HOURS 


N INDUSTRIAL and home ap- 


plications, the need 
sometimes exists ae tenaRNcoa = NEURAL 


for a device that, after activation RESET IRQ poe seen! 
: CERAMIC 

by some physical effect, such as = RESONATOR PAO 

light, temperature, or sound, aMi2 

switches a load on for a prede- 


125V AC 


PAL LINE 


: . os 
termined time. The load, such as eerie 
a lamp, motor, solenoid, or PA3 


heater, usually derives its power PAA 
from the ac line. The phototimer AOAD 
in Figure 1, based on an inex- 
pensive MC68HC705KJ1 mi- 


acts as oe TRIAC 
crocontroller, isa simple and in ieqnaral 
expensive way to satisfy this 
need. A load switches on when it 
becomes dark and stays on for = 
an interval that an operator sets | When it becomes dark, this circuit turns the load on for a predetermined interval. 
with the Hours pushbutton 
switch. A seven-segment LED display LISTING 1-ROUTINE FOR PHOTOTIMER-LOAD CONTROLLER 
shows the interval. The time value is a 
s ‘ . a a: a 
function of the design objectives, the mi- anes a ¢itss 
crocontroller software, and the display- e000 3} SPAGEWIDTH 160 
A ws : < 3 ovr. 4 org MOR; resieator osc and input pulldown 
interface complexity. The design in Fig- o7F1 20 5 feb %00100000; 
. . . € #8008 T/O PORT BITS *# teers reser eeserereerereree 
ure 1 is simple, because it needs only one ie ahr: con aa 
pushbutton switch and a single-digit dis- o7F2 89 equ pal 
1 ovr2 ft equ pA2 
play. orr2 10 « equ pad 
The heart of the design is the micro- o7Fa 11 4 equ pas 
fig o7r2 2c equ DAS 
controller software (Listing 1). The rou- orr2 13 b equ pas 
. . o7vF2 14a equ pA? 
tine serves manual and automatic oper- its is sate Sen gee 
ating modes. The initialization process o7F2 16 toad = equ pBI 
: . 1) Seeneeeeee VARIABLES *#4¢ tees eeeeeeeeeeereeneneee 
sets the manual, or continual, mode. This ooco is org RAM 
ooco 19 Treg rmb 1 ;Time register 
o0c1 20 Tent rab 1 Time counter 
ooc2 22 «enti emb 1 ;counter for 1 hour 
ooc} 22 ont30n rad 1 ;counter for 30 sec 
oocs 23 entie rab 1 icounter for 1 sec 
- 24 **88* T-segment COON TASLE addrena *++#+*eeeee0e 
Delay line upgrades oecs 25 adris equ ROMend+1-$0b ;for 11 constants 
vintage scope 26 enews IWITIALISATION *e+eseeeeeseeseseeseses 
0300 27 erg nox 
Crreuit reduces negative-voltage 0300 [02] AGFF 28 imit ida sger 7aet prtA as output 
O302 [04] mTo4 29 sta aara 
stresses on control IC 0304 [05] s¥e0 30 ele prta ; 
. 030€ [05] 1605 31 beet 3,daeS ;aet pB3 as output 
Track multisite temperatures 0308 [05) 1701 32 beir Load,prtB ;set Load off 
030A (0S) 3FCO 33 elr Treg clear 
on your PC o30¢ [05} a¥rci 14 clr Tent y all 
2 2 F 0302 (05) 3rc2 35 ele entih » registers 
Publish your Design Idea in EDN. See the 0310 [05] 3Pc3 36 elr ent30e ; used 
What's Up section at www.ednmag.com. 0312 [05] 3rc4 7 elr entls 
0314 [02] 9a 3a eld pinterrupt enable (continued on pg 94) 
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setting means, that after a 30-sec delay, 
the load switches on and stays on until 
you press the Reset pushbutton. The 30- 
sec delay allows you to change your mind 
and choose an automatic mode. During 
the manual mode, the display exhibits 
“C” for continual. The dot on the display 
lights every time the load is on, a useful 
feature when the timer and the load are 
far away from each other. By pressing the 
Hours pushbutton, you change the man- 
ual mode to an automatic one. In the au- 
tomatic mode, the display exhibits a time 
delay in hours. When you press and hold 
the pushbutton, the digits increment au- 
tomatically from 1 to 9 every second. 
This feature comes about by using count- 
er modulo 9 in the external interrupt- 
service routine (lines 85 to 92 in Listing 
1). You can download the software asso- 
ciated with this circuit from the Web 
version of this Design Idea at www. 
ednmag.com. 

After the time-delay setting elapses, the 
microcontroller waits for night—in oth- 
er words, for a high level on the Photo in- 
put—to switch on the load. During that 
wait, the dot in the display blinks in 1-sec 
intervals. When it becomes dark, the 
LM393 voltage comparator’s output 
switches high and triggers the program 
to continue. The load switches on, and 
the dot in the display stops blinking and 
stays on. The display digit shows the 
elapsed working time. When this time ex- 
pires, the load and the dot in the display 
switch off, and the display exhibits “E.” 
You can stop the process at any time by 
pressing the Reset pushbutton. Other- 
wise, the microcontroller automatically 
repeats the entire sequence every night. 
The circuit in Figure 1 is extremely flex- 
ible. The circuit can switch on the load 
using any physical effect just by changing 
the sensor on the comparator input. You 
can also modify the software for different 
time delays. As an example, you might 
want to display two-digit hours and two- 
digit minutes. In this case, you should use 
decoder/drivers, such as the CD4511 or 
MM74HC138, to configure an interface 
with the display. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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LISTING 1—-ROUTINE FOR PHOTOTIMER-LOAD CONTROLLER (CONTINUED) 


0315 
0317 
O31A 
0315 
o31F 
0322 
0323 
0325 
0328 
O232A4 
0325 
0330 
0332 
O34 
0336 
O338 
0338 
033D 
o.a7F 
O34. 
Osa4 
0346 
o7468 
O36A 
o34D 
0350 
a3s53 
O356 


o356 
O35 
035D 
o3sF 
0361 


0363 
o366 
0368 
0368 
o36D 


o3é8 
0370 
9372 
0274 
0377 
0375 
0273 
0375 
o37F 
0381 
0309 
ovas 
0369 
O78B 
o3aD 
0388 
0350 
0382 
oun 
0395 
0356 
o3na 
0335 
0358 


esse 
0398 
G3a0 
@3a35 
O3A5 
O3a7 


O3AB 
O3AA 
o.ac 
Osar 
O3B1 
03B) 


OsB4 
O2BE 
oline 
0383 
0380 
ovnr 


o7cs 
o7cs 


O7CA 


OvrA 
OvFA 
ovre 
ovre 


[03] 
[06] 
{o8) 
[a4] 
(03) 
(os) 
[05] 
[05] 
(os) 
[c6] 
105] 
(o5) 
tos] 
[03] 
{o4) 
oe) 
[os] 
{o3) 
(o3] 
[06] 
[03] 
{os} 
{o2] 
[c6] 
(05) 
(oe) 
{e5] 
[e3] 


{o6] 
(o3] 
(2) 
(oa! 
[03] 


(os) 
[4] 
fos} 
{es} 
{oe} 


{65} 
fos} 
{03} 
(06) 
{o3) 
(03) 
{oz} 
[03] 
(05) 
(03) 
(oe) 
[06] 
(03) 
(os) 
{c9] 
(05) 
(03) 
(02) 
{03) 
103) 
(03) 
(03) 
103) 
(06) 


(02) 
(oa) 
{os} 
[05] 
(03) 
{oe} 


[02] 
(o4} 
(o6} 
[05] 
{03} 
foe! 


{02} 
(04) 
[oe] 
[05] 
{03] 
(oe) 


seco 
CDe363 
CROwAS 
ipeco 
274D 
2100 
a701 
050130 
3100 
Coogaa 
050128 
1601 
3000 
56c0 
B7Ccl 
Cpo3n4 
3acl 
2707 
arc 
CbO363 
20F2 
a701L 
AOA 
CbO363 
O40LFD 
cpo3n4 
o601r? 
208D 


cpo3sc 
5600 
A901 
n700 
20¢2 


néeorcs 
5700 
070202 
1000 
LP 


1000 
1601 
20A9 
CDO382 
ava2 
SECO 
azo9 
240F 
acco 


393 


main 1ax 
jer 
jer 
tet 
beq 
belr 
belr 
breir 
belr 
jar 
breir 
beet 
beet 
ldo 


mode 


Auto 


work 


timeEnd belr 


night 


bra 


FARE REE REE EEE EERE EER EERE EEE ER ETE RRR Ee 


blink jar 
lda 
eor 
ute 


bra 


dieplay lda 
sta 
brelr 
beet 


diefad ste 


SRNR EERE EERE TERETE RHEE EHH THER H HERE Ee 


manual bset LED, prta LED on 
beset Load, prts tioad on 
bre node 
ExtIn&t jer @iyOls s:debouncing delay 100 se 
bik ad pif IkQel,and of Interrupt 
m0 1dx Treg Treg -->x 
cpx Ld ;Treg > 97 
bhs al 
ine Treg Treg + 3 
m2 lax Treg Treg <--> X 
jer diaplay ;Treg --> display 
jer diylis ¢delay 1 sec 
bil wt sim TRQ-pin still low r 
= beet ImOR,ISCR ;IhQ reset 
rti return from ExtiInt 
nl clr Treg 40 --> Treg 
bra 22 
dlyOls lda #128T 7100 ma delay 
ipl cir 
ip2 decz 
Dee 1p2 
deca 
bre lpi 
rts 
SPEER EEE EHR EHH ROHR Cee eee 
alyie ida #10T 40,i@ xlOaleec delay 
ate cntle 
dis jer dilydls 
dec cutis 
bre dis 
rts 


SHERRATT RRR eee ee 
@ly30a idea #307 ;le x30r30eer delay 
sta cnti0s 

jer diyis 

dec cnti0e 

bre 4308 


a30n 


rts 


SERRE REA ERA ERE REET REESE HERR O EEE 


@lyih lide #120T ; 308 *12001 hour 


sta cntlh 
ain jer diy30s 
dec cntih 
bne dih 
rts 
SPHERE HERERO HEE Ee 
org adztTs 
fcb $3c, $60, $da,$f£2,$66 
fcbh $6,530, Fe, Ste, Seb, 590 
SHH HEHE RHR HHH REE HERE OEE 
org VECTORS+2 
fab ExtInt 
org VECTORS +6 
tdb anit 


Treg Treg --> * 

Gispley ;Time --> diaplay 
dly3oa ;@elay 30 sec 

Treg ) Treg « OF 

manual 

LED, peta ;LED off 

Load, prtB staad off 

photo. prtt,blink;ia it a day? 
LED, prta *LED off 

aly30s p@elay for 10 sec 
photo, pret, blink:ie it « day? 
Load, prts 7lLead on 

LED, prea ;LED on 

Treg Treg --> Tent 
Tent 

dlyih ¢d@elay for 1 hour 
Tent pdecrement Tent 
TineEnd ;time is expired 
Tene rTemt «=> X 
display pnew Time --> Gispley 
work 

Load, prtn lead off 

$a 7"E* ««> display 
display 


photo, prtt,night;wait for « dawn 
dlyth pdelay for 1 hour 
photo,preB,nightiwait for a dawn 
main 


dlyis 
prta 
#h0o000001 
prta 

Auto 


;delay 1 sec 


adr7S,x ;code,x «-> Ace 
prta shoo --> prta 
Load, prt, disknd ;ia Load off? 
LED. prta ;LED on 
7return from display 
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Delay line upgrades vintage scope 


Robert Houtman, Blaine, WA 


INTAGE TRIGGERED- 
Yor oscilloscopes 

find use in many ap- 
plications. However, they 
have no internal delay line, 
so they can’t display the 
pulse that triggers the 
sweep. Moreover, early lab- 
oratory scopes con- 
tain delay lines hav- 
ing insufficient delay to 
display such pulses during 
a uniform portion of the sweep. 
With such oscilloscopes, the true 
pulse shape remains a mystery. 
You can circumvent these limita- 
tions if you add an external delay 
line and equalizer. The scope can 
then display the exact trigger- 
point trace. The instrument then 
becomes easier to use, and the 
measurements become more 
trustworthy. For every additional 
microsecond of equalized cable, 
the scope can display a microsec- 
ond of pretrigger information. 
Figure 1 shows the components 
you need to implement these im- 
provements on a Philips PM3230 
10-MHz oscilloscope. The com- 
ponents are a wideband amplifi- 
er to restore the signal to its orig- 
inal level and provide a trigger; a 
750-nsec delay cable; and a pas- 
sive, two-stage equalizer. 

CATV cables, such as RG6U, 
RG59U, and others, are common- 
ly available at garage sales and sec- 
ond-hand stores. You connect the 
75Q, cables with solid or 
foam dielectrics using stan- 
dard CATV connectors to make 
the 750-nsec delay line. A low-im- 
pedance driver displays the bipolar step 
response of the delay line, as the eye pat- 
tern in Figure 2a shows. The delay line 
transmits approximately 65% of the sig- 
nal at audio frequencies, because of re- 
sistive losses. The losses increase at high- 
er radio frequencies, because of the skin 
effect in the conductor. The theoretical 
form for the step response that the skin- 
effect loss causes is a complementary er- 


(b) 
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TO EXTERNAL 
5V TRIGGER TWO-STAGE 
oO EQUALIZER 


24 nF 470 pF 


This circuit modifies vintage oscilloscopes having no internal delay line. 


The step response through the 750-nsec 


ror function, cerf(kl/\/t (Reference 1). 
The time, t, refers to the start of the step 
after traversing the cable of 160m length. 
Computer evaluation of this function 
shows the constant to be k=2.6X 
10°7(sec)°°/m for best agreement with 
the step response in Figure 2a. You can- 
not adequately correct this functional 
form by using the usual single-bridged- 
T filter. You therefore apply time-domain 


cable (a) and the complete network, includ- 
ing the cable (b), differ. 


methods to obtain the 
two-stage, pole-zero- 
cancellation equalizer in 
Figure 1 (Reference 2). 
This double-bridged-T 
filter corrects the cable’s 
phase and amplitude 
distortion over a 10- 
MHz band. 

Each of these two fil- 
ters is basically a resis- 
tive attenuator, but fast 

steps can bypass the attenuation dur- 
ing a time constant, T. For short times, 
the equalizer’s input port sees a load 
of only the 750, cable via the capaci- 
tor, which presents a short circuit at 
high frequencies. The inductor pres- 
ents an open circuit at high frequen- 
cies, so the resistors have no effect for 
short times. Eventually, as t surpasses 
7 in the step response, the capacitor 
and inductor yield to the resistive at- 
tenuator while presenting the 750 
load to the equalizer’s input. With 
only the first, T=180-nsec filter, the 
step response becomes a more finely 
rounded waveform. With the second, 
7T=25-nsec filter, the step response is 
a sharp step, limited only by the oscil- 
loscope’s bandwidth. Each filter re- 
sides in a reclaimed CATV signal- 
splitter box. You can connect these 
750, constant-resistance filters at var- 
ious locations along the delay line 
without incurring reflections. You can 
therefore use this arrangement to 
fine-tune the passive components to 
eliminate residual reflections, using 
time-domain reflectometry. 

The AD8055-based amplifier has 
greater-than-100-MHz bandwidth, 
fully adequate for the 10-MHz oscil- 

loscope. Its input impedance is 1 MO, in 
parallel with 30 pF to match the oscillo- 
scope’s input and its low-capacitance 
probes. Figure 2b shows the final eye pat- 
tern, using the amplifier, the two-stage 
equalizer, and the 750-nsec delay cable. 
This pattern is essentially identical to the 
eye pattern that ensues using the oscillo- 
scope without the circuit in Figure 1, ex- 
cept for the 750-nsec temporal shift. You 


TO 
OSCILLOSCOPE 
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can see the benefit of the circuit in Fig- 
ure 3. Trace A shows the original impulse 
response of the oscilloscope without the 
circuit. Trace A is merely an uninterest- 
ing, featureless trace. For Trace B, the in- 
put impulse passes through the amplifi- 
er to the external-trigger input and then 
through the equalizer and delay cable to 
the oscilloscope’s input. Because its delay 
is longer than the intrinsic delay of the 
oscilloscope in starting its sweep, a clean 
pulse of approximately 20 nsec appears 
on the display. You can now use the com- 


plete unit as a 10-MHz laboratory 
oscilloscope. 


You can define an input impulse as an 
even function composed purely of cosine 
waves of zero phase. However, the cable’s 
impulse response is simply the derivative 
of the waveform in Figure 2a and ac- 
quires a long, slow tail. This impulse re- 


Traces A and B show the impulse 
the delay network. 


sponse is thus no longer an even func- 
tion, so its composite cosine waves have 
evidently acquired various phase shifts 
accruing to the cable. Figure 3 illustrates 


response, respectively, without and with 


that the circuit in Figure 1 corrects 
these phase shifts and amplitude 
variations. Trace B shows a short, 
symmetrical pulse with no tail, an 
even function as similar as possible 
to the input impulse using this os- 
cilloscope. 
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Circuit reduces negative-voltage stresses 


on control IC 


Michael Day, Texas Instruments Inc, Dallas, TX 


power supply, the two FETS and the 

output inductor meet at the phase 
node (Figure 1). The phase node often 
connects directly to the control IC. The 
voltage on this node swings from the in- 
put voltage to some voltage lower than 
ground. If the voltage goes too far below 
ground, the ESD structures or other cir- 
cuitry within the control IC can become 
forward-biased, causing currents to 
flow through the chip’s substrate. 
These unwanted currents can cause er- 
ratic behavior and damage to the IC un- 
der certain circumstances. Although it is 
impossible to keep the phase node from 
going below ground, it is necessary to 
keep the voltage at the control IC from 
going so far negative that it adversely af- 
fects or damages the IC. 

Trace A in Figure 2a shows the phase- 
node voltage waveform with V,,.=12V, 
and V,,,,=3.5V at 8A. When the top FET 
is on, the output current flows through 
that FET and the inductor to the output. 
During this time, the phase-node voltage 
is equal to V,,.. The bottom FET must re- 
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tive phase-node voltage. 


This classic buck regulator 
suffers from excessive nega- 


main off until after the top FET fully 
turns off. When the top FET turns off, the 
current then flows from ground, through 
the bottom FET, and through the output 
inductor. Dead time is the time lag be- 
tween turning off the top FET and turn- 
ing on the bottom FET. During the dead 
time, the current flows through the body 
diode of the bottom FET, and the phase- 
node voltage is approximately —1V, de- 
pending on the current levels and the 
FET parameters. When the bottom FET 
turns on, the current flows through the 


FET structure rather than through the 
body diode. During this time, the volt- 
age is a function of the output current 
and the resistance of the FET. 

During the dead time, the negative 
voltage coupled with parasitic ringing 
can apply a negative voltage that exceeds 
the maximum voltage ratings of the con- 
trol IC. Trace B in Figure 2b shows the 
phase node when the top FET turns off. 
The output current flows through the 
body diode of the bottom FET, and the 
voltage drop across the FET is —0.76V. 
With the ringing in the circuit, the phase- 
node voltage can exceed —1V, a voltage 
applied directly to the control IC. When 
the bottom FET turns on, the voltage 
drops to approximately —0.1V (8AX 
0.0130). Adding a Schottky diode in par- 
allel with the bottom FET helps, but a 
Schottky diode is large and expensive and 
has little effect on the voltage. Trace C in 
Figure 2b shows the voltage that occurs 
with the addition of a large D-Pak 
MBRD835L Schottky diode. The diode 
reduces the voltage to —0.6V. With ring- 
ing, the control IC sees —0.7V. 
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Expanding the dead-time waveforms (a) leads to three scenarios (b): the unadorned buck regulator (Trace B), adding a Schottky diode (Trace C), and 


the simple solution in Figure 3 (Trace D). 


Moving one resistor and adding a 
small Schottky diode minimizes 
the phase-node voltage. 


The circuit in Figure 3 is small and in- 
expensive and significantly reduces the 
phase-node voltage at the control IC. The 
gate-drive resistor moves from the gate to 
the source of the top FET. Following the 
current from the IC as it charges and dis- 
charges the gate capacitance of the top 
FET shows that moving the resistor has 
no effect on the circuit operation. An 
SOT-23 or an SOD-123 Schottky diode 
with a current rating of 0.5A connects to 
the control IC. As you can see in Trace D 
of Figure 2b, when the voltage across the 


FET’s body diode goes to — 1V, the Schot- 
tky diode clamps the voltage on the IC 
to approximately —0.3V. The full output 
current flows through the FET, and the 
gate-drive resistor limits the current 
through the Schottky diode. This solu- 
tion is small and inexpensive and pre- 
vents erratic operation or damage to the 
power-supply control IC. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Track multisite temperatures on your PC 


Clayton Grantham, National Semiconductor, Tucson, AZ 


lows you to track four remote tem- 

peratures with thermistor sensors 
through the parallel port on your PC. 
This four-zone thermometer instrument 
has a temperature range of —40 to 
+90°C and a resolution of better than 
*+1°C. You can calibrate its accuracy to 
within 1°C over a 0 to 50°C span and 
within 3°C over a —40 to +90°C span. 
Thermistors are low-cost, passive, rugged 
components, making them a good choice 
for temperature sensing. The signal-con- 
ditioning hardware in Figure 1 performs 
a simple voltage division to partially lin- 
earize the thermistors. Temperature data 
in the form of thermistor voltages goes 
into Excel macros, and software performs 


T HE LOW-COST CIRCUIT in Figure 1 al- 
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a fifth-order-equation fit using calibra- 
tion coefficients to convert the data into 
Celsius temperatures. This Design Idea 
focuses on the electronics in Zone 1; the 
other zones behave similarly. You can im- 
plement one, two, three, or all four zones 
without software modification. 

All components have low power (qui- 
escent current) consumption to mini- 
mize LPT1 sourcing requirements. Four 
LPT1 outputs at DO (Zone 1), D2 (Zone 
2), D4 (Zone 3), and D6 (Zone 4) power 
this application. The hardware typically 
requires less than 162 wA of current per 
zone. Parallel-port drivers within your 
PC generally source at least 400 pA. Su- 
pervisory circuit IC, monitors the volt- 
age from the LPT1 port. The reset output 


signal of IC, goes back to the parallel port 
at S7 for software error-checking at ini- 
tialization. The software ascertains that 
the hardware is present and that the min- 
imum voltage from D0 of the LPT1 port 
is greater than approximately 4.65V. Most 
PCs have a 5V parallel-port interface, but 
a few have only 3.3V available. For 3.3V 
PCs, you need to scale the voltage options 
of the components you use. 

IC, is a voltage reference for both the 
RT -R, voltage divider and the ADC, IC,. 
Inasmuch as IC, is common to the di- 
vider and the ADC, you obtain accurate 
ratiometric analog-to-digital conversion, 
and gain, offset, and thermistor-inter- 
changeability errors are at a minimum. 
The low temperature coefficient of IC, 
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(grades are available with lower than 10 
ppm/°C) ensures that the circuit exhibits 
high accuracy in the environments that a 
portable PC encounters. You should also 
select R, and R, with thermal perform- 
ance in mind. A 0.1% tolerance, 25- 
ppm/°C metal-film resistor is a good 
choice. If you intend to use the circuit in 
a temperature-controlled lab, then you 
can use less expensive components. RT, 
operates in a zero-power resistance 
mode, in which self-heating errors are 
negligible. RT, and R, form a voltage di- 
vider that only slightly linearizes the ex- 
ponential equation of the NTC thermis- 
tor’s negative-resistance-versus-temper- 
ature relationship: R,=R,,exp[(T,—T)/ 


(TXT,)]. The software performs further 
curve fitting. 

IC, and IC, (the ADC block) perform 
the voltage-measurement function. IC,, 
a rail-to-rail op amp, buffers the R,-C, 
lowpass filter. The serial output of IC, 
(DO) connects to the parallel port at S3. 
The converted (8 bits) voltage represent- 
ing the temperature data, sampled from 
the divider voltage, goes to the parallel 
port. CO of the parallel port controls the 
timing of IC,’s clock input. C1 of the par- 
allel port controls IC,’s CS input; a neg- 
ative-going front starts the conversion. 
Resistors R,, R,, and R, help provide the 
logic interface between IC, and the par- 
allel port. Pulling the thermistor con- 
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nections either above the PC’s 5V supply 
level or below ground could result in 
damage to the circuit, the PC, or both. R, 
and R, provide some protection. How- 
ever, to be completely safe, you should 
isolate the thermistors from any external 
voltage potential. With no thermistor 
connected, the temperature reading as- 
sumes the zero-voltage temperature, 
which is —40°C. 

IC, also has a manual reset that pro- 
vides direct user control for external trig- 
gering. If you depress the momentary 
switch, S,, and select the “Trig” button on 
the user form, then the circuit performs 
a temperature measurement. The hard- 
ware turns off when the user form clos- 
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This PC-based thermometer derives its power from the parallel port and uses thermistors to sense four temperature zones. 
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Excel (running under Office 2000) 
macros that perform I/O through 
the LPT1 port of the PC. The pro- 
gram uses a free file “Input32.dll” 
to bit-wise-control the parallel 
port’s digital I/O. The author of 
the .dll file is Jonathan Titus, edi- 
torial director of Test and Mea- 
surement World. You load Quad- 
Zone.xls with its macros, connect 
the circuit of Figure 1 to the par- 
allel port, and then run the Con- 
trolPanel macro. A user form (Fig- 
ure 2) pops up, overlaying the 
spreadsheet, and connects temper- 
ature-measurement actions with 
the electronics. Your possible options us- 
ing the user form are single-temperature 
measurement, multiple-temperature 
measurements separated by user-defined 
time intervals, linked measurements that 
append the data to an Excel spreadsheet, 
and externally triggered single-tempera- 
ture measurements. You can download 
the spreadsheet and the .dll file from the 
Web version of this Design Idea at 
www.ednmag.com. 

The user form displays a single quad- 
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zone temperature measurement when 
you press the Update button on the user 
form. Measurement data links to the cells 
from columns A to G (named “data”) in 
the spreadsheet when you press the 
Linked button. When you press the Loop 
button, the circuit samples measurement 
data in user-defined intervals. S, exter- 
nally triggers measurement data if you 
press the Trig button. By using macros 
within Excel, all the graphing, analysis, 
and data-storage utilities common to Ex- 


ae 
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The user form, which floats in front 
of an Excel spreadsheet, measures 
the temperature of four thermistors connected to LPT1. 


The macros in the -xls listing contain 
the basic interface features for cap- 
turing the signal-conditioned ther- 
mistor-sensor signals. Within Mod- 
ule 1, the declaration of Input32.dll 
needs to include its directory path. 
The code for input/output of tem- 
perature data is within the user- 
form module. 

The macros also include a soft- 
ware-calibration routine that steps 
users through a temperature-cali- 
bration sequence. With the thermis- 
tor inside a calibrated oven, you 
right-click on the user form to initi- 
ate calibration. The “cal” spreadsheet 
of Figure 2 stores the raw calibration 
data. The “FitChart” chart plots this raw 
data and displays a fifth-order-polyno- 
mial trend-line equation. The user-form 
code uses the equation’s coefficients to 
scale and display the temperatures in the 
user form. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Circuit allows high-speed clock multiplication 


Lukasz Sliwczynski and Przemyslaw Krehlik, University of Mining and Metallurgy, Krakow, Poland 


N THEORY, synchronous clock multi- 
| plication is an easy task. A sim- 

ple PLL with two digital di- 
viders—one inserted just after the VCO 
(voltage-controlled oscillator) and the 
second one placed directly at the input of 
the phase detector—may do the job. The 
flexibility of such a configuration allows 
for clock multiplication by any rational 
number. However, a problem emerges if 
you want to multiply a high-frequency 
clock. Standard, integrated PLLs, such as 
the 74HC/HCT4046 and NE564, do not 
accommodate such fast clock signals; 
they’re limited to frequencies lower than 
approximately 60 MHz for the NE564. 
Although you can implement almost all 
PLL subcircuits by using fast program- 
mable logic, such as CPLD or FPGA cir- 
cuits from Xilinx (www.xilinx.com), a big 
problem exists in providing the proper 
high-frequency VCO. Two obvious pos- 
sibilities exist: Order the VCO from a 
company specializing in high-frequency 
circuits, or build it yourself. The : 
first approach can be costly; the e 
second requires specialized knowledge 
and can be frustrating for an inexperi- 
enced designer. The circuit in Figure 1 of- 
fers yet another possibility. 
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This scope photo shows some key waveforms in the circuit of Figure 1. 


The circuit is based on IC,, Gennum 
Corp’s (www.gennum.com) GS9015A 
clock-recovery IC, an ECL-based circuit 
that can operate at frequencies to ap- 
proximately 400 MHz. You normally use 
such an IC to extract clock information 
from a digital NRZ data stream with the 


aid of an input divider. The clock-recov- 
ery circuitry is in principle a form of PLL 
with a special type of digital phase com- 
parator. The comparator allows for VCO 
phase adjustment only when high-to-low 
or low-to-high transitions are present in 
the input signal. This property of the 
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clock-recovery circuit allows you to ex- 
ploit it as a clock multiplier. If you apply 
a signal with 50% duty cycle instead of a 
normal NRZ data stream to the input of 
the clock-recovery circuit, the circuit at- 
tempts to interpret the signal as a se- 
quence of N consecutive zero and one 
symbols and controls its VCO in such a 
way as to produce a clock transition for 
each symbol. The result is a multiplica- 
tion of the input frequency by the factor 
2N. You set the actual multiplication co- 
efficient by setting the VCO’s free-run 
frequency close to the desired output 
clock frequency. To avoid locking of the 
clock-recovery circuit to some undesired 


multiplication coefficient, you should 
make the VCO’s tuning range narrow. 
This design is applied to a 4B5B en- 
coder, which needs to derive a 125-MHz 
clock from a 100-MHz master-clock sig- 
nal; therefore, it needs a multiplication 
factor of 5/4. To realize this operation, 
you must first divide the 100-MHz clock 
by 8 and then multiply the result by 10. 
(Note that only even multiplication co- 
efficients are possible using the concepts 
in this Design Idea.) Figure 2 shows some 
key waveforms the circuit produces. The 
complete design implements the re- 
maining part of the encoder with IC,, a 
3.3V XC9572XL CPLD IC to match log- 


ic levels. Resistor R, and capacitors C, and 
C, form the loop filter, and resistors R, 
and R, set the free-run frequency of the 
VCO. The circuit in Figure 1 is simple 
and easy to build. The only trimming it 
requires is the initial setting of the VCO’s 
free-run frequency (close to 125 MHz). 
You perform this trim by observing the 
output waveform with an oscilloscope 
and adjusting variable resistor R, with R, 
shorted. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Differential amp needs no power source 


Shyam Tiwari, Sensors Technology Private Ltd, Gwalior, India 


free, high-input-impedance 

amplifier with bipolar out- 
put would present distinct advantages in 
remote devices. Such an amplifier, with 
its bipolar output, would be a better 
choice than a unipolar, 4- to 20-mA de- 
vice. It would also improve on common- 
mode performance. In Figure 1, a Max- 
im MAX319 analog switch, IC,, feeds the 
power from the coaxial signal cable to the 
charge-holding capacitors, C, and C,. 
The analog switch injects both positive- 
and negative-polarity signals into the 
charging circuit when its Control signal 
has a high (TTL) level. At the same time, 
the output uses a sample-and-hold ca- 
pacitor to retain the last analog signal 
during the charging cycle. Thus, the cir- 
cuit never loses the signal, as long as the 
charging and sensing cycles maintain 
timing within certain limits. 

You can increase the values of C, and 
C, if the sensing time is considerably 
greater than the charging time. Switch S, 
places the feedback resistor, R,, either in 
a direct connection to the sample-and- 
hold capacitor, C,, or before R, to form 
an R,-C, lowpass filter. In either case, R, 
is a protective resistor during the charg- 
ing period, ensuring 10-kQ load resist- 
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A high-impedance differential amplifier is useful in remote locations, because it requires no local 


power supply. 


ance for IC,, a low-bias-current, low- 
power MAX7614 amplifier. This amplifi- 
er is an improved version of the ICL7611. 
This amplifier circuit was useful for ther- 
mocouple-signal amplification without 
cold-junction correction. You can also 
use it for bipolar, low-current signal am- 


plification with a range of +10 pA to +1 
nA, using only R, for the current-to-volt- 
age conversion. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Printer port activates CMOS switches 


J Jayapandian, IGCAR, Tamil Nadu, India 


1 provides control for CMOS 

switches without the need for 
an external power supply. Analog switch- 
es such as those in the MAX4663 are ide- 
al for use in low-distortion applications. 
They are preferable to electromechanical 
relays in automatic test equipment or 
other applications in which you need 
current switching. The CMOS switches 
use lower power, consume less board 
space, and are more reliable than electro- 
mechanical relays. The MAX4663 quad 
switch features 2.50, maximum on-re- 
sistance, 5-nA maximum leakage current 
at 85°C, and —56-dB off-state isolation at 
1 MHz. They also offer break-before- 
make switching. The switches operate 
from a 4.5 to 36V supply or from dual 
+4.5 to +20V supplies. 

In Figure 1, the switches mount in and 
derive power from the PC’s LPT port. 
The design provides as much as 50 mA of 
current, with current-source compliance 
as high as 10V. The circuit uses a simple 
voltage-doubler circuit, the negative- 
voltage-converter ICL7660, for the sepa- 
rate V* supply and the V, logic supply. 
The current source can supply as much 
as +200 mA at 10V. Figure 1 shows a cur- 
rent-reversal application in a low-tem- 
perature-resistivity experiment. The de- 
sign draws only a few tens of 
microamperes from the PC’s parallel 
port. The MAX4663 CMOS switches 
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The LPT port powers a current-reversal circuit, using CMOS analog switches. 


have complementary pairs (normally 
open and normally closed). This config- 
uration simplifies the design, with single- 
enable-bit operation (the switch-enable 
inputs are shorted together as a single en- 
able). You can download a LabView Vir- 
tual Instrument program from the Web 
version of this Design Idea at www.edn 
mag.com. The program latches the LPT1 
port at the address 0x378 with data for 
forward and reverse operation of the 


switches. At the LPT port, the D0 and D1 
bits (pins 2 and 3) power the circuit in 
Figure 1. Bit D2 (pin 4) sets the switch- 
enable/disable function. For data word 
0x03, bit D2 is low, enabling the normal- 
ly open contacts; for data word 0x07, and 
D2 goes high, enabling the normally 
closed contacts. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Circuit improves on temperature measurement 


Alexander Bell, Infosoft International Inc, Rego Park, NY 


~HIGH “LOW 7) zi 
semiconductor junction, the en- 


suing voltage difference (for example, 
AV,,, for a bipolar transistor) is a linear 
function of the absolute (Kelvin) tem- 
perature, T. You can use this truism to 
make accurate temperature measure- 
ments. Technical literature has thor- 
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oughly covered the relationship (refer- 
ences 1 to 4) and has numerous imple- 
mentations. This Design Idea suggests 
some areas for improvement and design 
variations on the basic idea. The princi- 
pal equation describing the phenomenon 
is as follows: AV=86.4XTXIn(I,,,.,,/ 
), expressed in microvolts. Setting the 
/I, yy =10 results in AV 


Drow 


current ratio I 


HIGH’ “LOW 


of approximately 200 wV per degree. The 
key issue in the practical implementation 
of the idea is to switch current with a 
highly stable 1,,.4,/I,oy ratio, which you 
can do by using a number of discrete 
components. This Design Idea suggests 
a digitally controlled and integrated ap- 
proach (Figure 1). 

The current switching with a stable 
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Lucu! Low ratio, comes from a DAC with 
current outputs. The typical DAC 
has two current outputs—a direct 
I, andacomplementary I. These outputs 
allow for simultaneous dual-channel 
temperature measurements. The current 
ratio I,.¢4;/Iow is a function of the input 
digital code, D,; you could program this 
code using a microcontroller. Obvious- 
ly, you can use the circuit for single-chan- 
nel temperature measurements, by sim- 
ply ignoring the second output. If you 
need more than two channels, then use 
additional DACs or use a multiphase 
DAC (Reference 5). The circuit in Figure 
1 works as follows: The output 
currents, I, and I, 
the input digital code, D,, and the input 
voltage, V,,: 

= (Viel Rao! x (D,/2%), and 

L=(Vx/Rug) (28D, )/2%, 
where R,,, is the equivalent transfer re- 
sistance of the DAC, and D, is the deci- 
mal equivalent of the input binary code. 

The full measurement cycle consists of 
two phases, switching codes from D, to 
D,. Assuming D,>D,, then the current 
ratio Lcy/T oy for output I, is equal to 
D,/D,. The current ratio for the second 
output I, is equal to (2N—D,)/(2N—D,). 
For a 10-bit DAC (N=10), choosing 
D,=931 and D,=93, the ratio I, .444/Low 
on both outputs is 10.01, which is close 
to the “standard” (references 3 and 4). 
For an 8-bit DAC, these numbers are 
D,=233 and D,=23, which results in a 
ratio 1 ¢y/Toy= 10-13 on both outputs. 
It’s important that the ratio be substan- 
tially immune to variations in the input 
voltage, V,,,. Thus, any unregulated volt- 
age source is suitable for the circuit. The 
source needs only short-term stability 
during the measurement cycle. Besides, 
many modern DACs integrate on-chip 
voltage references. 

You should note that other I,,..,,/L, ow 
ratios are applicable. Moreover, in gen- 
eral, it is unnecessary to have the same 
current ratios for both outputs. Thus, you 
could set the sensitivity to different val- 
ues for the two channels. Higher ratios 
result in greater sensitivity, but self-heat- 
ing effects impose certain limitations on 
Lucu and noise levels set a lower limit on 
Low: Lhus, 100 and 10 wA are typical val- 
ues for general-purpose bipolar transis- 
tors. As most general-purpose R-2R 
DACs have R,, of 10 to 100 kO, you 
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The two op amps, IC, and IC,, provide virtual grounds for both current outputs of the DAC. 


should choose the proper value for V,,, 
(typically 2.5 to 10V). Alternatively, to 
obtain the desired I,,,.,,,, you could use an 
additional series resistor, R, (not shown 
in Figure 1), connected between the volt- 
age source and the DAC input. The R-2R 
ladder has an equivalent input resistance, 
R, which does not change with the digi- 
tal code. With the additional series resis- 
tor, the equivalent transfer resistance be- 
comes R+R,. Note that this series resistor 
may be of almost any type, because its 
impact on the current ratio’s accuracy is 
limited. 

In a practical implementation, you 
should take into consideration the finite 
value of V,,, on the DAC’s output, be- 
cause its variation with temperature 
could affect the accuracy of the measure- 
ment. If the DAC has internal current 
sources, you can use the circuit of Figure 
1 as-is, because the V,,, has a limited ef- 
fect on the current ratio. In the case of us- 
ing an R-2R DAC, the circuit in Figure 2 
is more appropriate. The two op amps, 
IC, and IC,, maintain virtual grounds on 
both current outputs, thus preserving the 
high accuracy of the current ratios. The 
rest of the circuit in Figure 2 performs 


AV,,, measurements. You can implement 
that portion of the circuit by using an 
amplifier/conditioner, a track-and-hold 
amplifier, and an ADC controlled by any 
general-purpose microcontroller. Refer- 
ences 3 and 4 offer hints on implemen- 
tation. 
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Add voice commands to your CAD system 


Alexander Bell, Infosoft International, Rego Park, NY 


guage Bar (Speech Tools) in my Mi- 

crosoft Word 2002 and started dic- 
tating this Design Idea, the on-screen title 
displayed “cat” instead of “CAD.” By us- 
ing the “Add/Delete Words” fea- 
ture, I’ve trained the system to 
recognize the “CAD” acronym. 
This was my first experience 
with the MOSR (Microsoft Of- 
fice Speech Recognition) tool, | -gss« 
which is part of the latest Mi- 
crosoft Office XP package. Its | & 


T: FIRST TIME | ACTIVATED the Lan- 


sentence by saying “select all,” then I con- 
verted it to boldface by saying “Bold.” 
Then I changed the font to Arial by say- 
ing “font,” and, when the drop-down 
menu appeared, I pronounced “Arial.” 


op rer ee 


er tet boW 3 


main operational modes are | ee . 
Z . Q ee ap tl 
dictation and voice command. = 


This Design Idea shows how to 
add a practical VCI (voice-com- 
mand interface) to the simple 
CAD system inherent in MS 
Word 2002 applications. Refer- 
ence 1 described a simple ver- 
sion of such a CAD for 
schematic entry. You can down- 
load some macros from 
the Web version of this 
Design Idea from www.edn- 
mag.com. The macros, grouped and 
stored in the MyCAD.dot file, extend 
CAD functions: 


@ Module “mod_View” contains 
macros to set the drawing environ- 
ment. 


@ Module “mod_Symbol” contains 
macros to perform operations on 
Symbol objects. 

The next level of CAD-system im- 
provement is to add the custom VCI, en- 
abling you to run macros via voice com- 
mands. Before use, the system prompts 
you to use the “Voice Training” session, 
which lasts approximately 15 minutes. As 
you read the text on the screen, the sys- 
tem analyzes your verbal patterns to build 
the Default Speech Profile. A longer ses- 
sion results in greater accuracy of speech 
recognition. The “Add/Delete Words” fea- 
ture enables the MOSR engine to recog- 
nize special terms and technical jargon. 
Formatting the title provides a good ex- 
ample of practical use of the MS Word 
2002 built-in Voice Commands, which 
correspond to its Menu and Toolbars 
buttons’ Text. First, I selected the whole 
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MyCAD.dot with two standard modules. 


Finally, I set the font size to 14 points by 
saying “font size” and then “14,” and I 
then underlined the title by saying “un- 
derline.” You can add custom VCI by fol- 
lowing several steps: 

First, start MS Word 2002 and open a 
new file. Go to the Visual Basic Editor 
screen (shortcut: Alt+F11); add two 
standard modules, “mod_View” and 
“mod_Symbol”; and copy the macros 


TABLE 1. 


Voice commands 
Grid lines 
Add labels 
Flip horizontal 
Increase 
Reduce 
Rotate right 


Custom commands 


Built-in commands: File 
menu and toolbars- Edit 
button text View 
Insert 
Tools 
Help 
Bold 
Underline 
Cancel 


. “MyCAD Symbol 


This Visual Basic Editor screen has the template file 


Correct execution | Nonrecognized a 


you downloaded to the appropriate mod- 

ules. The screen should look like the 

snapshot in Figure 1. From the “Debug” 

menu item, select “Complete Project”, 

and then close the Visual Basic Editor 

window and save the file un- 

+\'9 TP der the name “MyCAD.dot” 

using the “Save As” menu 

option. Add a custom tool- 

bar by selecting from the 

— ; menu “Tools—Customize— 

Toolbars—New.” When a 

prompt appears, type the 

name for the new toolbar as 

Com- 

mands” and make it available 

to “MyCAD.dot.” Add tool- 

bar buttons related to the 

macros stored in MyCAD. 

dot. For each button, edit the 

button text; it defines the 

# Custom Voice Command. 

The toolbars should finally 

look like the snapshot in 

Figure 2. Save the file and 

close MS Word 2002. You 

can consult Microsoft Office Help utility 

for more details on how to add custom 
toolbars and buttons. 

Put the file MyCAD.dot into the MS 
Word or MS Office start-up directory. 
Typically, the path is “C:\Program 
Files\Microsoft Office\Office10\Startup.” 
Then, start MS Word 2002, enable the 
macros in MyCAD.dot upon the system 
prompt, open a new document, and test 


Misinterpreted 
100 0 0 

100 
100 
100 
100 
99 
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the VCI with both built-in and 
custom voice commands. It’s 
advisable to use a set of high- 
ly phonetic, distinctive words 
or phrases for VCI. If not, dis- 
tortion and noise can lead to 
misinterpretation of the voice 
command by confusing it with 
another voice command. I 
tested the CAD with a VCI on 
a PC clone with a 600-MHz 
Athlon CPU. The system has 
256 Mbytes of SDRAM-133 
and runs Microsoft Office XP 
Professional under the Win- 
dows 2000 operating system. 
The voice-command execu- 
tion delay is approxi- 


mately 1 sec. For faster 


execution, you can use 
a faster CPU. For audio input, 
this design uses an inexpensive multime- 
dia microphone. Table 1 shows sample 
test results for both built-in and custom 
commands. 

The accuracy increases to almost 100% 
for the sample set of commands when 


Ow Care abe 


———— 


sae 


A Microsoft Word 2002 display has a language bar and two 


custom toolbars. 


you use a Plantronics (www.plantron 
ics.com) headset with noise-cancellation 
features that comes with Microsoft’s 
SideWinder game package. For more in- 
formation on natural-language input 
technology in Office XP, refer to Mi- 


crosoft Guidelines on the 
Web. The Web site has a link, 
“Hardware Guidelines for 
Speech Technologies.” Note 
that, when you enable macros 
in MS Word or other applica- 
tions, some macros could 
cause harmful actions, and 
some may contain viruses. 
You use the macros at your 
sole risk without warranties. 
To use the macros in the 
“mod_Symbol” section, you 
should uncheck the box “Au- 
tomatically create drawing 
canvas when inserting Au- 
toShapes.” Go to the tabbed 
Dialogue: “Tools—Options— 
General.” 


REFERENCE 
1. Bell, Alexander, “Add CAD functions 
to Microsoft Office,’ EDN, March 21, 
2002, pg 94. 
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Method provides self-timing 
for synchronous rectifiers 


Giampaolo Carli, SAE Power Co, Saint-Lazare, Quebec, PQ, Canada 


YNCHRONOUS RECTIFIERS are MOS- 

FETs, driven in such a way as 

to perform a rectifying func- 
tion. They often take the place of diodes in 
the output-rectification stage of switching 
power converters, because of their lower 
on-state power loss. In power circuits, syn- 
chronous rectifiers are often complicated 
to use because of timing issues. Some tech- 
niques attempt to predict the correct tim- 
ing by following the same drive signal that 
controls the main switching element of the 
circuit. Other techniques sense the current 
in the FET in various ways and then act on 
that information. Figures la and 1b show 
simplified representations of these alter- 
native techniques, applied to the forward/ 
buck topology. During the off-time of the 
main switch, the rectifier conducts from 
source to drain. At the beginning of the 
switching cycle, the main switch turns on 
and begins driving current into the recti- 
fier. Eventually, the current in the rectifier 
falls to zero and begins to reverse, flowing 
from drain to source. This instant is the 
optimum time to turn off the rectifier. 


Method provides self-timing 
for synchronous rectifiers 


Sampling peak detector 
has shutdown feature 


Circuit provides bidirectional, 
variable-speed motor control 


Software reset uses ?C |/O port 


Supply uses ac to generate 5V, 
power-on reset 


Routine automates pattern/ 
sequence detection 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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CONTROLLER 
SWITCH 


DETECTOR 


(b) 


These topologies often exhibit a delayed turn-off of the synchronous rectifier, resulting in consider- 
able reverse current. The current-reversal timing depends on loading conditions (a). The zero-cross 


current causes the rectifier to turn off too late (b). 


Unfortunately, if the signal from the 
control circuit appears at this time, the 
synchronous rectifier turns off only af- 
ter various delays (especially, the MOS- 
FET’s turn-off delay). Because a large 
di/dt is involved in the turn-off, the un- 
desirable consequence is that the rectifi- 
er turns off only when considerable re- 
verse current is flowing. If you use the 
concept in Figure 1a with a fixed delay, 
the turn-off of the synchronous rectifier 
rarely occurs at the optimum time, be- 
cause the current-reversal timing de- 
pends on loading conditions. Adaptive- 
delay techniques that compensate for 
changes in delay with load are complex. 
The concept in Figure 1b has similar 
complications. The zero-cross current 
detector is often relatively slow, so, in ad- 
dition to the cited FET delays, it causes 
the synchronous rectifier to turn off too 
late. Figure 2 shows a simple way to mod- 
ify the concept in Figure 1b. In this case, 
you introduce a saturable core with an 
additional sense winding in the drain 


connection of the rectifier. With some 
minor additional circuitry, this single 
component accomplishes by itself the 
two main functions necessary to elimi- 
nate the turn-off-delay problem. 

The first function is to determine the 
instant that the current falls close to zero. 
At that time, the core comes out of satu- 
ration and blocks voltage. This voltage 
also appears on the additional winding, 
flagging to the sense circuit that it must 
immediately turn off the MOSFET. The 
second function is to significantly slow 
the di/dt of the current during this cru- 
cial turn-off time. The saturable core’s 
operation allows wider tolerances in tim- 
ing and more flexibility in the design of 
the synchronous-rectifier driver, result- 
ing in far fewer and less expensive com- 
ponents. The core can be small, even for 
high-power applications, and should be 
of nonsquare-loop ferrite material. Reg- 
ular power ferrite is much less expensive 
and lossy than its square-loop counter- 
parts. The nonsquare-loop material al- 
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lows the core to come out of 
saturation when 
the current is 
still slightly positive in the 


SWITCH 


These considerations im- 
prove response speed and re- 
duce losses in the high-cur- 
rent outputs. Note that this 


rectifier, thus giving a slight 
advance warning. + 

Because of the nonlinear 
response of the saturable 
core, the secondary sense Vin 
winding has far fewer turns 
than the corresponding lin- 
ear sensor in Figure lband | - 
virtually no loss in the sens- 
ing and clamping circuits 
for its secondary current. 


SENSE AND <=> 
ae te 


A low-cost, saturable core in the drain circuit of the synchronous rectifier 
introduces a “self-timing” feature in the circuit. 


SATURABLE 
CORE 


SYNCHRONOUS 
RECTIFIER 


simple circuit is versatile; you 
can apply it to various 
switches and rectifiers in 
most power-circuit topolo- 
gies. The concept can even 
improve on well-known soft- 
switching techniques. 


Is this the best Design Idea 
in this issue? Select at 
www.ednmag.com. 


Sampling peak detector has shutdown feature 


Shyam Tiwari, Sensors Technology Private Ltd, Gwalior, India 


a slow ADC with a fast peak detec- 
tor. The circuit in Figure 1 allows a 
slow ADC to measure a fast, sampled sig- 
nal peak. The 100-MHz peak detector for 
ultrasonic-pulse sampling uses a fast 
MAX4231 amplifier from Maxim (www 
maxim-ic.com). This amplifier has a 
shutdown feature that facilitates power 
savings without losing the sampled in- 
formation. When the circuit samples a 
peak with a low-TTL-control input, the 
output of the peak-detector am- 
plifier shuts off, and the output 
amplifier switches on to measure the out- 
put signal. This technique reduces pow- 
er consumption by nearly 50%, because 
only one of the amplifiers is active at any 
given time. Table 1 shows the circuit 
functions and the amplifier modes as a 
function of the control input’s status. 
The most important advantage of the 
circuit is that it prevents sampling of an- 
other input peak before a measurement 
takes place. The first peak-detector am- 
plifier—in shutdown mode—does not 
permit the reading to change. This fea- 
ture helps a slow ADC to monitor a high- 
speed sampled peak in a desired sampling 


Y:: FACE a serious problem in using 
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INPUTO 


—2V DCO 


PEAK MEASURE 


DETECT 


CONTROLO 


MAX4231 


This circuit allows you to use a slow ADC to measure fast peaks and saves power to boot. 


Function Amplifier 1 
Signal-peak sampling On 
Peak measurement Off (shutdown) 


interval, an impossible operation with a 
conventional peak-detecting circuit. You 
select the R, and C, values for the desired 
time constant to hold the peak and then 
let it decay according to the RC time con- 
stant. If peak decay is undesirable, then 
you can use a transistor switch (not 


Amplifier 2 Control input 
Off (shutdown) TTL 0 (OV) 
On TTL 1 (2.4 to 5V) 


shown) without R, to discharge the ca- 
pacitor to ground before sampling a new 
input-signal peak. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Circuit provides bidirectional, 
variable-speed motor control 


Jean-Bernard Guiot, DCS AG, Allschwil, Switzerland 


tems that include small motors, a 

simple, bidirectional motor con- 
troller with speed adjustment 
may be helpful. Figure 1 
shows such a controller. The circuit uses 
everyday components whose tolerances 
and ratings are unimportant as long as 
they sustain the required voltage, current, 
and power. The circuit’s advantages are 
low cost, small size, flexibility, and ready 
availability. You can assemble it in less 
than an hour on a board measuring ap- 
proximately 75100 mm; its height is 
less than 12 mm. A transistor-based H- 
bridge allows two directions of rotation. 
A chopper controls the upper arms of the 
H-bridge, thereby enabling the speed ad- 
justment. To start the rotation in one di- 
rection, you must connect one of the in- 
puts (In CW or In CCW) to OV. You can 
do this through switches, transistors, or 
open-collector TTL circuits, for example. 
If both inputs are high (no command), 
transistors Q, and Q, do not conduct, 
and the motor stops. The motor receives 
a slight braking action from the pulsing 
Q, and Q, transistors. 

If one input is low (connected to 
0V)—for example, In CW or In CCW— 
the corresponding transistor, Q, or Q,, 
conducts, with base current limited by R, 
and R,. The pulse signal to the base of Q, 


D URING THE DEVELOPMENT of SYS- 


Ton=160 SEC Ton=25 pSEC 
TT wth 
Jt bl 


(a) Torr=5 pSEC (b) Torr=150 pSEC 


The position of the wiper on the speed-control 
potentiometer determines the duty cycle of the 
chopper circuit. When it is fully down, B =0 
(a); when it is fully up, 8 =1 (b). 


or Q, short-circuits to OV, thus shutting 
off Q, or Q,. On the opposite side, Q, or 
Q, does not conduct, but Q, or Q, re- 
ceives pulses from the chopper through 
D, or D, andR, orR,. Thus, Q, or Q, con- 
ducts each time transistor Q, is on. The 
chopper uses a 555 timer circuit, IC,, 
connected as an astable multivibrator. 
The zener diode, D,, and R,, limit IC,’s 
power-supply voltage to the maximum 
allowable: 15V. The timing capacitor, C,, 
charges through R, , the upper part of the 
potentiometer R,,, and zener diode D.,. 
The discharge takes place through the 
lower part of R,,. Using B for the position 
of R,,’s wiper (middle: B=0.5; down: 
B=0; up: B=1), the charging time is 
Toy = 0.693C[R,,+R,,11—-8)], and the 
discharge time is T.,,,,=0.693BCR,,. 
The total time of one period of the 


i? 


You can set a motor’s rotational direction and speed using this simple circuit. 
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chopper is thus T,,.+T,,,.=0.693C[R,, + 
R,,(1—B+B)] =0.693C(R,,+R,,). The 
output signal on Pin 3 is a square wave 
with nearly fixed frequency and ad- 
justable duty cycle. In Figure 2a, the po- 
tentiometer’s wiper is fully down (B=0). 
In Figure 2b, the wiper is fully up (B=1). 
Q, and Q, adapt the voltage level to drive 
the bases of Q, and Q,, which conduct 
only in the time when the output (Pin 3) 
of the 555 is high (T,,.). This conduction 
adjusts the rotational speed. Diodes D, to 
D, protect the transistors Q, to Q, against 
inductive voltage peaks. The fuse, F , pro- 
tects the whole circuit against overcur- 
rent conditions. Capacitor C, between 
V., and ground acts as a kind of energy 
tank that filters out the current peaks. 
The circuit was a help in determining 
speeds or gear ratios to use during test 
and adjustment of prototypes on small 
machine tools. The transistors should 
preferably be Darlington types, adapted 
to the power-supply voltage and the mo- 
tor current. (Don’t forget the high in- 
ductance of the motor.) Select resistor R,, 
and the zener diode according to the 
power-supply voltage, V_.. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


NOTES: 
Q), Q3=TIP142. 

Qo, Q4=TIP147. 

Q;=BC161, BC556, 2N3906. 
Q,=BC160, BC546, 2N3904. 
1C,=555 TIMER. 

D3 TO De=BYV26E. 

D;, Do, Dg=1N4148, 1N4007. 
D7=15V, 0.4W ZENER. 


www.ednmag.com 


~ ideas 


Software reset uses I’C I/0 port 


Bob Marshall, Philips Semiconductors, Sunnyvale, CA 


1 to allow the ?’C or SMBus to con- 

trol device resets in a system by us- 
ing the PCA9554 I?C I/O-port IC. Nor- 
mally, a reset function takes an active-low 
signal. On power-up of the PCA9554, the 
IC sets all the I/O pins as inputs. The 4.7- 
kQ, pull-down resistor on each I/O en- 
sures that all the active-low reset pins are 
initially in a low state during power-up. 
You can now program the I’C controller 
to bring all or some of the external de- 
vices out of the reset condition. 
Figure 2 shows additional details 
of the I/O internal structure. The PCA- 
9554 has four internal registers. Register 
0 is the input-port register. Register 1 
controls the output-port register. Regis- 
ter 2 is a polarity-inversion register, and 
Register 3 is the configuration register. All 
the registers, except Register 2, are ini- 
tially set to all logic ones (high). 

When you apply power to V,,,,, an in- 
ternal power-on reset holds the 
PCA9554 in its initial state until V,,, 
reaches approximately 1.5V. The power- 
on condition sets all the I/O pins 
as inputs, so Q, and Q, are off. 
The IC has a 100-kQ internal pull-up re- 
sistor on each I/O pin. The 4.7-kQ, ex- 
ternal pull-down resistors hold all the at- 
tached devices in a reset state. The ’C 
bus can now control which devices can 
come out of the reset state. The I°C bus 
uses unique addresses for slave devices 
on the bus. The PCA9554 uses an ad- 
dress, 0100xxx R/Wn, where xxx is the 
level of A2, Al, and AO. To communicate 
with the PCA9554, the bus master must 
first send the device address, a command 
byte that addresses one of the four in- 
ternal registers, and then the data. After 
each byte sent from the ?C master, the 
slave device automatically generates an 
acknowledge signal on the PC bus. The 
master then sends the next byte. The 
command sequence to bring all the de- 
vices out of reset at once is: 

ST: Start bit generated by the master; 

40: Write to slave address (AO to A2 

are all low in this example); 

03: Write the next byte to the config- 

uration register; 


yr CAN USE THE CIRCUIT in Figure 
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This circuit allows the PC or SMBus to control device resets in a system. 
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The details of the I/O structure of the circuit in Figure 1 show four internal registers. 


00: Write 00 to the configuration reg- 

ister, which sets all I/O as outputs; 

SP: Stop bit generated by the bus mas- 

ter. 

The default condition of the output 
register is all logic ones (high). If you 
want to bring devices out of the reset state 
one at a time, simply change the pattern 
written in the configuration register. Any 
bit left at logic one in the configuration 
register keeps the corresponding output 
low (in reset). To place any device into re- 
set, the ’C bus simply writes a logic one 
into the corresponding bit in the config- 


uration register. Another feature of the 
PCA9554 is that it remembers the last 
command byte. Subsequent writes to the 
configuration register require only a 2- 
byte operation, provided that no other 
command register is addressed. For ex- 
ample, the following command sequence 
brings four devices out of reset (devices 
attached to I/O0 through I/O3) and then, 
on the subsequent write, brings the rest 
of the four devices out of reset: 

ST: Start bit generated by the master; 

40: Write to slave address (AO to A2 

are all low in this example); 


www.ednmag.com 


~ ideas 


03: Write the next byte to the config- 
uration register; 

Set I/O0 through I/O3 as outputs; 
Stop bit generated by the master; 
Write to slave address; 

Set all I/O as outputs; 

Stop bit generated by the master. 


FO: 
SP: 
40: 
00: 
SP: 


If you want to control more than eight 
devices, you can use the 16-bit I/O-port 
PCA9555 IC. Using the AO to A2 address 
pins and the PCA9555, you can control 
as many as 128 devices, using the ’C bus 
or the SMBus. You can find additional in- 
formation about the PC bus, including 


the bus specification, at www.semicon 
ductors.philips.com/buses/i2c/support/. 
For information about the SMBus, you 
can go to www.smbus.org/specs/. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Supply uses ac to generate SV, power-on reset 


Greg Sutterlin, Maxim Integrated Products, Sunnyvale, CA 


HE NEED OFTEN ARISES for a 
Ties logic supply for 

powering microcontrollers 
and related circuitry in “white- 
goods” products, such as indus- 
trial controllers and sensors. 
These applications usually in- 
clude 24 or 115V ac or 
higher levels of ac voltage 
for conversion to 3.3 or 5V dc. 
The simplest approach to gener- 
ating low-current logic-supply 
levels is to apply the rectified and 
filtered ac input to a high-input- 
voltage linear regulator. Howev- 
er, power dissipation in the regulator can 
be considerable, even for modest load 
currents. A standard shunt regulator also 
dissipates notable amounts of power in 
the limiting resistor. A switching regula- 
tor minimizes power dissipation, but that 
type may be impractical for cost-sensitive 
designs. As an alternative, consider the 
ac-coupled approach in Figure 1. The cir- 
cuit suits applications in which 24V ac is 
available. With proper safety precautions, 
you can apply the circuit to double-in- 
sulated white goods and other products 
that require a logic supply for control or 
monitoring functions. 

To transfer energy to the regulator with 
negligible power loss, the circuit uses a 
coupling capacitor in conjunction with 
an IC containing a shunt regulator and 
power-on-reset circuitry. Available with 
50-mA maximum output-current capa- 
bility in 3, 3,3, and 5V shunt-voltage ver- 
sions, IC, also includes a power-on-reset 
function. Because IC, is an active shunt 
versus a passive zener diode, you must 
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This SOT-23 IC with low-cost external components pro- 
vides a combination of power-on reset and an efficient 
logic supply. 


rectify the ac voltage before applying it. 
Typically, a capacitor follows the rectifi- 
er to hold the charge during off cycles. 
The design in Figure 1 uses a simple half- 
wave rectifier to save cost. C, is the trans- 
fer capacitor, and C, stores energy. D, acts 
as a half-wave rectifier, and D, discharges 
the transfer capacitor during negative cy- 
cles. R, limits surge current during the 
discharge of C, and, if applicable, during 
high-voltage transient testing. 

Several simplifications help to approx- 
imate the available output current. As- 
sume OV forward drops in the diodes and 
OV shunt voltage in the IC regulator. 
With, for example, a 60-Hz sinusoidal in- 
put of 24V rms amplitude (V 


PEAK 


33.94V), you calculate as follows: 
Peak current in C, isl,,...(C,))= 
C,(dV/dt)=C,[V,..,(dsin(wt)/dt)] = 
C,[oV,,.,,(cosmt))] =C, OV apace 


Thus, with C,=3 wF, w=377.1 radi- 
ans/sec, and V,,..,=33.9V, I5..,=38.4 
mA. The rms charge current (I,,,,) in C, 
is 


PEAK 
RMS 


Tams Cc, )= 


dirt? lc (peak Cos(@t) )Pat }5 


Ipgax (C, )= C, Vpgax )dsin(ot)/dt = 
C,(®)Vpgax - 


Thus, for T=16.7 msec, I,.,.=19.1 
mA. By adjusting the value of C,, you can 
limit peak-current levels to the value of 
maximum MAX6330 shunt current, 50 
mA, and achieve an output of 20 mA or 
so. The voltage rating of C, must be able 
to withstand the maximum input volt- 
age. Because peak currents are limited to 
Iyeaxo Practically any small-signal diode 
can serve as the half-wave rectifier, D,. D, 
discharges C, during the negative portion 
of the cycle. The current rating of D, de- 
pends on the value of V,,.,, and the se- 
lected value, 50Q, of surge-limiting re- 
sistor R,. The maximum reverse voltage 
onD, and D, is (Veuunrt Vorope)* C, acts 
asa storage capacitor that maintains ‘load 
current during the negative portion of 
the cycle. To calculate its value, use the 
following approximation based on the al- 
roller level of ripple voltage (V 

= (1 as x T/2 ) IV upp es With Veureue 
io mV, T/2=8.3 msec, and I 
mA, C,=550 pF, 


ieee) : 


LOAD 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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More on two- 
transistor circuit 


In a recently published Design Idea, 
Jim Hagerman proposes a two-tran- 
sistor circuit that claims to replace the 
LTC4300 hot-swappable, two-wire 
LTC4300 bus buffer (“Two-transistor 
circuit replaces IC,” EDN, Feb 7, 2002, 
pg 104). I feel compelled to point out 
that the LTC4300 offers numerous ad- 
vantages over this circuit for both 
buffering and hot-swapping the I°C 
bus. 

The NPNs in Hagerman’s circuit 
provide no capacitive buffering be- 
tween the card and the backplane, 
which allows card capacitance to add 
directly to backplane capacitance. The 
LTC4300 isolates card capacitance 
from the backplane capacitance, mak- 
ing it possible to meet the 400-pF 
specification. 

The LTC4300 further aids in meet- 
ing rise-time requirements by provid- 
ing boost pull-up current circuits on 
all four SDA and SCL pins. This fea- 
ture allows users to choose weaker 
pull-up resistors on the bus that re- 
duce power consumption and in- 
crease noise margin while still meet- 
ing system rise-time requirements. 

When hot-swapping the card, the 
Hagerman solution immediately con- 
nects the card bus to the backplane 
bus with no regard for the condition 
of either node. The LTC4300 moni- 
tors the backplane side for a Stop Bit 
or Bus Idle and the card side for log- 
ic-high states before connecting the 
buffers. This approach ensures that no 
data transaction is occurring during 
the instant of connection. 

Although I do not doubt the at- 
tractiveness of Hagerman’s idea, I felt 
it was important for your readers to 
appreciate the additional benefits of 
the LTC4300. 


Todd Nelson 

Product Marketing Manager 
Mixed Signal Business Unit 
Linear Technology Corp 
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Routine automates 
pattern/sequence detection 


K Venkatachalam, Murugesh Rajiah, and Vijayakrishnan 
Rousseau, Tata Elxsi Limited, KR Puram, Bangalore, India 


equence detection‘; | EE 
S a common operation Lrov-thea Seca ee a 
in many communica- | ee woke 
tion and security systems. ‘ait Hn“ = ce Th 
Some good examples are eae re a a os 
HDLC-flag identification Py i orden 
and signature analysis. As ae pathy oars 
the complexity of the sys- reas ii 
tem increases, designing eae We ole ae 
circuitry for sequence de- ir ow: Psa 
tection becomes tedious ee es ut 
and laborious. Using the — 
software tool in this Design ee ee 
Idea, you can generate ft c-| 
HDL code in VHDL or 
Verilog formats These are the options available for the sequence- 
for both Mealy detection method. 


and Moore machines for 

any sequence of arbitrary length. The tool 
additionally presents options for infer- 
ring the sequence-detector state machine 
in one of the popular encoding styles, 
such as one-hot, binary, and Gray. Let SO 
to Sn—1 be the states of a Mealy machine 
for n-bit sequence detection. The key to 
any state-machine design is to find the 
next state transition, which is a function 
of the input and the current state. Any 
state Sm (OSm<n— 1) indicates that the 
m bit of the n-bit sequence has been de- 
tected so far. 

The state machine switches from Sm to 
Sm-+ 1 on detecting an input that match- 
es the next bit of the sequence. Other- 
wise, the state machine stays in the same 
state or switches one of the previous 
states. The state machine’s status depends 
on the currently received bit and the pre- 
viously received bits. If this pattern of bits 
matches the pattern of bits successfully 
detected in any of the previous states, 
then the state machine switches to that 
state. Listing 1 is the pseudocode of the 
algorithm for determining the next state 
transition from any state Sm (where m 


can assume values of 0 to n—1). Let the 
n-bit sequence be represented as an array 
of bits called SEQ. The index of the ar- 
ray ranges from 0 to n—1. In the 
pseudocode, the state machine generally 
switches from Sm to Sm+1 on detecting 
an input that matches the next bit in the 
sequence. But this is not the case for the 
last state. For nonoverlapping sequence 
detection, the state machine switches 
from the last state to the initial state (SO) 
upon detecting the last bit of the se- 
quence. On the other hand, for an over- 
lapping sequence detection, the state ma- 
chine either stays in the last state or 
switches to one of the previous states 
upon detecting the last bit of the se- 
quence. The routine determines the state- 
machine behavior in the same way as it 
determines the next state transition for 
an input that doesn’t match the next bit 
of the sequence. Refer to the “while” loop 
of the “if” and “else” blocks of the 
pseudocode. 

For both overlapping and nonoverlap- 
ping sequence detection, the output 
switches high from the last state when the 
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method detects the last bit of the se- 
quence. You could generate a Moore ma- 
chine by following the same concepts. 
The only difference would be that the 
number of states is one more than that of 
a Mealy machine. Moreover, the output 
depends only on the states and not on the 
input, and it goes high only in the last 
state where the sequence has been suc- 
cessfully detected. This tool can no doubt 
help a designer to focus on high-level de- 
signs, rather than intricate design details. 
You can extend the idea to detecting dou- 
ble sequences, such as start-of-frame and 
end-of-frame sequences, and sequences 
having more than one bit as inputs. You 
can download Listing 1 and an exe- 
cutable file that creates a GUI (Figure 1) 
for the sequence detection from the Web 
version of this Design Idea at www.edn- 
mag.com. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


110 EDN | May 16, 2002 


LISTING 1—ROUTINE FOR DETECTING SEQUENCES 


if (SEQim] = 1) 
{ 


Next state transition on input | = Sm+1. 
Letp*m. //p isa variable. 
while (p! = 0) 

{ 


Form a p-bit sequence comprising of the last p-1 bits received and 0. 

if(the p bit sequence obtained = the first p bits of the sequence) 
break; 

P- 


} 
Next state transition on input 0 = Sp. 


} 
else if(SEQ{m] = 0) 
{ 
Next state transition on input 0 = Sm+1. 
Let p = m. 
while (p! = 0) 
{ 
Form a p-bit sequence comprising of the last p-1 bits received and 1. 
if(the p bit sequence obtained = the first p bits of the sequence) 
break; 
Pp; 


} 
Next state transition on input 1 = Sp. 
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Digital potentiometer programs and stabilizes 
voltage reference 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


HE POTENTIOMETER PORTION of a 
TT rvsstsiens digitally programma- 
ble potentiometer adds vari- 
ability to an analog circuit, and its 
digital controls provide programmabili- 
ty. You can use a digital potentiometer in 
two ways in an analog circuit. You can use 
it as a two-terminal variable resistance, or 
rheostat, or as a three-terminal resistive 
divider. Although both ways bring vari- 
ability to the analog circuit, the three-ter- 
minal implementation usually brings 
other important characteristics as well. 
For example, a programmable voltage 
reference has two implementations. The 
circuit in Figure 1 is a voltage reference 
whose output, V,,,. depends on the 
1.25V reference of the shunt reg- 
ulator, IC,, R,, and the program- 
mable resistance R,=pR,,,,. The value of 
p varies from 0 to 1; it represents the pro- 
portional setting of the wiper from one 
end, 0, to the other, 1. For this circuit, 
Vour= 1-25V(1+pR,,,/R,). As p varies 


OUT POT 
from 0 to 1, V,,,, varies from 1.25V to 


Digital potentiometer programs and 
stabilizes voltage reference.... 
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Switch debouncer uses only one gate......84 
Power meter is +1% accurate 


Circuit controls brightness 
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digital potentiometers 


Switching regulator forms 
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Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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CAT5113 


DIGITAL 
CONTROLS 


In this circuit, the potentiometer’s temperature coefficient 


adversely affects that of V,,,, 


Ri 
1-p)Reot 


DIGITAL 
CONTROLS 


This circuit has low component count, low temperature coeffi- 


cient, and enhanced programming accuracy. 


some maximum value established by R, 
and the aie anata end-to-end re- 
sistance, R,,.. The temperature coeffi- 
cient of Von Ff ‘is proportional to those of 
the LM4041CIZ regulator’s 1.25V refer- 
ence, R,, and R,,,,. The temperature co- 
efficient of the reference voltage and a 
quality resistor are lower than 100 
ppm/°C. However, the temperature co- 
efficient of R,, is not guaranteed and 
can run in the hundreds of parts per mil- 
lion per degrees Celsius. Thus, the tem- 


perature stability of R,,, 
has adverse effects on the 
oc a ee coefficient of 

Vour Fhe programmable 
voltage-reference circuit in 
Figure 2 uses the poten- 
tiometer as a three-termi- 
nal device. For this circuit, 


Vour= 1asv f+ 


=1.25V an . 
1—p 


This implementation 
shifts the temperature de- 
O pendence of V,,,,, on the 
potentiometer from the 
high temperature coeffi- 


PRpor 
(1—p)Rpor 


cient of R,,,, to the poten- 

tiometer’s low ratiometric 

temperature coefficient of 

IC) 20 ppm/°C. It also reduces 
LM4041C 


component count and cost 
and increases program- 
ming accuracy. The 15% 
accuracy of R,,, is the 
dominant factor in the ac- 
curacy of V,,,,, in the cir- 
cuit of Figure 1. In the cir- 
cuit of Figure 2, the 
potentiometer’s 1% linearity is the dom- 
inant factor in the accuracy of V,,,,,- For 
the values shown in Figure 2, the 100-tap 
CAT5113 digitally programmable poten- 
tiometer provides for a variable, temper- 
ature-stable V.,,, of 1.25 to 5.5V 
(0Sp<0.77). The measured data corre- 
lates to better than 1% with the calculat- 
ed values. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Add voice command to virtual instrumentation 


Alexander Bell, Infosoft International Inc, Rego Park, NY 


neering community about the rela- 

tive merits of analog 
and digital controls of in- 
strumentation. Meanwhile, a revolution- 
ary new type of control—voice-com- 
mand control—is gaining acceptance in 
many application areas (Reference 1). 
This Design Idea focuses on the practi- 
cal implementation of the Voice Com- 
mander voice-command interface in a 
virtual-instrumentation project. The 
beauty of the method lies in the fact that 
a single Microsoft Excel file, vScope 
VC.xls, encapsulates the entire voice- 
command system. The Excel file com- 
prises two worksheets, vScope and v- 
ScopeData; two standard code modules; 
and a small portion of code in the This 
Workbook code module. You can down- 
load the relevant software from the Web 
version of this Design Idea at www.edn 
mag.com. Using the terminology and the 
concept of modern multitiered software 
architecture, the voice-command meth- 
od embraces the user-interface and the 
business-logic layers. 

The simulated-data layer is in the v- 
ScopeData worksheet. Column A con- 
tains the samples’ ordinal numbers (i= 1, 
2, ...64), Column B contains simulated 
signal-amplitude samples (V=sin(6.28 X 
2Xi/64)+0.5co0s(6.28 X 10 Xi/64)), and 
columns C and D contain calculated 
complex-FFT and signal-amplitude spec- 
tra, respectively. By adding the actual data 
source (signal samples captured by a 
data-acquisition board or database query 
for historical data analysis) and linking 
it to Column B, you can expand the tech- 
nique to a “full-flavored” virtual instru- 
ment or analytical tool with voice-com- 
mand interface. 

The vScope worksheet contains the 
Chart Object (called “Chart1” in the 
downloadable macros), formatted to em- 
ulate the actual oscilloscope screen (Fig- 
ure 1). A custom toolbar appears at the 
top of the display, which contains 
control buttons. The buttons are 
associated with macros that execute when 
you press the button or say the com- 


D EBATES STILL PERSIST in the engi- 
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LANGUAGE TOOLBAR IN MS EXCEL 2002 IS SHOWN IN A 
VOICE-COMMAND MODE. (THE USER ENTERED THE “SPLIT” 
CUSTOM COMMAND.) 


TEMPORARY CUSTOM TOOLBAR IS DYNAMICALLY 
CREATED ON THE FILE_OPEN EVENT. 


‘& Get ee pest Fyne Bot Gut wee ib 
(Geoscope Bpertxcs TeeGowan Secra ¢ kon *untoon Mad 


This screen snapshot uses the time-domain mode with horizontal zoom and split-view on to see 
signal details at the beginning and end of the scale. 


ele 
) me ot wee port fee ot Gert Brae ep Tied gobs ke in Ce Oe 
'Bto Soope HneserBxce Te Gomun Epawe] + coon ¢unteem (ie “seem Une 105 Foti OO. 


These signal-amplitude spectra correspond to a 64-point FFT with 32 spectral components. 
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mand, corresponding with 
button’s caption. Note that the 
voice-command feature is 


available only in the latest Ex- Go scope Customize screen settings to maximize viewing area 
cel 2002 Office application. Reset Excel Reset standard Excel screen settings 
Table 1 shows the list of cus- Time Domain Time-domain mode 
tenn commande: ‘Khe Chart Spectra Show signal-amplitude spectra 
: ; : ; Zoom H Zoom horizontal axis 
Object dynamically links via Unzoom Unzoom horizontal axis 
racers to the simulated data Split Toggle split-screen mode on/off 
in the vScopeData worksheet. Smooth Toggle line smoothing on/off 
The Business Logic portion of Linear Use linear scale (vertical axis) 
the routine is programmed in Log Use logarithmic scale (vertical axis) 
VBA (macros) and partially in Grid lines Turn major/minor gridlines on/off (three-state logic) 
Excel worksheet functions. It End Close file without saving and end the vScope session 


contains a 64-point FFT, based 
on the Excel add-in functions. To use this 
feature, install Analysis Tool-VBA from 
the Tools-Add-Ins menu item. You can 
expand the business-logic and user-inter- 
face layers by including different digital- 
filtering and windowing techniques and 
by adding multiple channels, for example. 
Upon opening the Demo file, a tem- 
porary custom toolbar appears at the top 
of the display (Figure 1). In Excel 2002, 
activate the speech tools: Go to the 
Tools—Speech—Speech Recognition 
menu item and then choose the Voice 


Voice command Description 


Command mode. In this mode, you can 
enter the command either by saying it or 
by clicking the button on the toolbar. For 
example, by clicking on or saying “go 
scope, you can maximize the view by 
temporarily removing some standard 
screen components. You can restore the 
components by clicking or by saying, “re- 
set Excel.” The Split command allows you 
to open two pseudowindows with inde- 
pendent horizontal scrolling. This feature 
lets you see the rising and falling edges 
of the long, or horizontally “zoomed,” 


signal at the same time. 
When you say, “spectra,” the 
signal-amplitude spectra 
screen appears (Figure 2). 
You can use this technique 
with Excel 95, 97, and 2000, 
but you must use the cus- 
tom toolbar instead of voice 
commands. Note that when 
you enable macros in Excel 
or other applications, some 
macros could perform po- 
tentially dangerous and 
harmful actions, and some 
may contain viruses. The 
code for this Design Idea is on an as-is ba- 
sis without warranty of any kind. The v- 
Scope VC.xls file is for demo purpose 
only, and commercial use of this file is 
prohibited. 


REFERENCE 

1. Bell, Alexander, “Add voice com- 
mands to your CAD system,” EDN, May 
2, 2002, pg 77. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Switch debouncer uses only one gate 


Steven Robertson, Anritsu Co, Morgan Hill, CA 


single debounced pulse each 

time you press S,. Moreover, 
the circuit uses only logic power from the 
remote pull-up resistor, R,. You can use 
the circuit to detect when a key is pressed 
in a nonenergized device, such as a de- 
vice in a system that’s just coming up 
from standby. The circuit operates as fol- 
lows: Assume that you have not yet 
pressed S, and that C, is in a charged 
state. Under these conditions, R, drives 
IC, toward V,, (ground), causing the IC 
to consume virtually no power. This ac- 
tion allows V,,,,, to remain near 5V. How- 
ever, when you press S,, C, rapidly dis- 
charges and drives IC, toward V,,.. 
Under these circumstances, IC, conducts 
heavily, pulling V,,,, near OV until R, 
charges C, enough to again drive IC, to- 


| CIRCUIT IN FIGURE 1 produces a 
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100 nF 


1N4148 


This switch-debouncer circuit consumes virtually no power. 


ward V,,. Once C, charges sufficiently, 
IC, goes to Vss and stops drawing pow- 
er. This action unloads V,,,, and causes 
Voy to return to a high state. D, to D,, 
in conjunction with R,, shifts the level of 


Vour for improved compatibility with 
CMOS logic. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Power meter is =1% accurate 


Ken Yang, Maxim Integrated Products, Sunnyvale, CA 


OWER METERS provide 
2 an early warning 
of thermal over- 

load by monitoring power 
consumption in high-relia- 
bility systems. Power moni- 
toring is especially suitable 
for motor controllers, indus- 
trial heating systems, and 
other systems in which the 
load voltage and current are 
both variable. The power me- 
ter/controller in Figure 1 
uses the principle that pow- 
er is the product of voltage 
and current. The typical accuracy of the 
circuit is better than +1%. A current sen- 
Sor, IC,, measures output current, and a 
four-quadrant analog-voltage multiplier, 
IC, and IC,, generates the product of out- 
put voltage and current. An optional uni- 
ty-gain inverter, IC,, inverts the inverted 
multiplier output. This power meter is 
most accurate for multiplier inputs (J, 
and J,) of 3 to 15V. Select the current- 
sense resistor as follows: R,...,=1/P, 
where R,,...,, is in ohms, and P is the out- 
put power in watts. If power delivery to 
the load is 10W, for example, you would 
choose R,..., =0.10. 


SENSE 


O 
OUTPUT 


Vee 
OPTIONAL INVERTER 


POWER- 
MEASUREMENT 
ERROR 

(%) 


i 3 5 7 9 11 13 15 


NOTES: POWER (W) 


Voc=15V; Vee=—15V. 
Rsense=0.10. 


The measured power is better than + 1% accurate for power lev- 
els of 3 to 14W. 


The circuit in Figure 1 has a unity-gain 
transfer function, in which the output 
voltage is proportional to load power. For 
instance, the output voltage is 1OV when 
the load power is 10W. To change the 
transfer-function gain, change the sense 
resistor as follows: Gain=10R,,,,... For 
the circuit in Figure 1, Figure 2 compares 
power-measurement error with load 
power. Note that accuracy is better than 
*+1% for load power of 3 to 14W. For 
proper operation, you must first calibrate 
the analog multiplier according to the fol- 
lowing procedure. Remover jumpers J, (X 
input) and J, (Y input) before calibration. 


This power meter, whose output voltage is proportional to load power, achieves + 1% accuracy. 
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@ X-input offset adjustment: Con- 
nect a 1-kHz, 5V p-p sinusoidal 
signal to the Y input, and connect 
the X input to ground. Using an 
oscilloscope to monitor the out- 
put, adjust R, for an ac null (zero 
amplitude) in the sinusoidal sig- 
nal. 

@ Y-input offset adjustment: Con- 
nect a 1-kHz, 5V p-p sinusoidal 
signal to the X input, and con- 
nect the Y input to ground. Us- 
ing an oscilloscope to monitor 
the output, adjust R, for an ac 
null (zero amplitude) in the si- 
nusoidal signal. 

®@ Output-offset adjustment: Connect 
both X and Y inputs to ground. Ad- 
just R.,., until the dc output voltage 
is OV. 

@ Scale factor (gain): Connect both X 
and Y inputs to 10V dc. Adjust 
Roar, Until the output voltage is 
10V de. 

@ Repeat the preceding steps as nec- 
essary. 


OUT 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Circuit controls brightness of multiple displays 


Stephan Goldstein, Analog Devices, Wilmington, MA 


seven-segment displays for a micro- 

controller’s serial port. The complica- 
tion I faced was the need to provide a 
continuous brightness adjustment for all 
the digits—from completely dark to ful- 
ly bright. I couldn’t easily use the obvious 
solution of a string of 74HC595 serial-to- 
parallel converters driving the segments 
through series resistors, because I would 
have needed a variable power supply for 
the displays—an inefficient and inelegant 
approach. I considered using software to 
control the duty cycle of the displays’ 
drive signal, but as a long-time analog- 
circuits guy, I felt honor-bound to find a 
way that wouldn't require writing any 
more code. Besides, P'd used up all the I/O 
pins on my microcontroller, so a software 
solution would have entailed changing 
processors. Allegro Microsystems (www. 
allegromicro.com) offers several parts for 
driving common-anode displays. Each 
includes a serial-data interface and an on- 
chip control loop that sets equal on-cur- 
rents for all the segments, using a single 
resistor to ground. I selected the Allegro 
A6275E (Figure 1), which neatly match- 


RECENTLY NEEDED TO CONTROL nine 


SERIAL-BUS 
CONTROL LINES 
FROM CPU 

a 


es up one chip per display digit. Now, I 
had to simultaneously vary nine resistors. 

I cheated, of course. Instead of vary- 
ing the resistors, I moved their apparent 
ground point with a simple analog con- 
trol circuit comprising a dual op amp, a 
power MOSFET, and a few passive com- 
ponents. IC, , provides a buffered version 
of the A6275’s nominal 1.23V reference 
voltage to the top of the potentiometer, 
preventing the potentiometer’s loading 
from affecting the segment currents of 
the “master” A6275. IC, , drives Q,’s gate 
and forces Q,’s drain voltage to be equal 
to the voltage at the potentiometer’s 
wiper. This action varies the voltage 
across the 909Q, resistor between (al- 
most) ground and the reference voltage 
and yields a smooth intensity control 
from maximum (20 mA for a 9090 re- 
sistor) to zero. The slight variations in 
A6275 reference voltages and the toler- 
ances of the 9092) resistors add to the 
normal variations in intensity from dig- 
it to digit, but these variations were un- 
noticeable in my application. 

One important point to note is the 
connection of IC,,: The feedback from 


Vop 


COMMON-ANODE 
SEVEN-SEGMENT DISPLAYS 


6 
9}10 


11/12 


Q,’s drain goes to the IC’s noninverting 
input. The MOSFET adds an inversion 
inside the main loop, so using the op 
amp’s noninverting input as the feedback 
point results in overall negative feedback. 
C, and R, create the loop’s dominant 
pole, and R, isolates Q,’s gate capacitance 
to ensure that IC,,, doesn’t oscillate. Al- 
legro cautions against excessive capaci- 
tance at the A6275’s reference pin, so I 
used R,, to isolate IC, ,’s input capacitance 
from this point. IC, must have a rail-to- 
rail output, its input must operate down 
to the negative rail, and it must operate 
with a total supply span of 5V. Q, needs 
to have low on-resistance with 5V gate 
drive. Using the STP30NEO06L from ST 
Microelectronics (www.stmicroelectron 
ics.com) was probably overkill at 0.0450, 
but the price was right at less than $1. The 
remaining components are noncritical. 
You may want to experiment with differ- 
ent potentiometer tapers; in my case, an 
audio taper gave a pleasing “feel” to the 
brightness control. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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On OmO ORO MONOnO C0, 00,0, O10, © 
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AG6275E A6275E 
TO 
ADDITIONAL 
A6275E 
DRIVERS 


Qi 
STP30NEO6L 


NOTES: 


1000 pF 


VARIABLE "GROUND" NODE 


PIN NUMBERS ARE FOR PANASONIC LN5180A SEVEN-SEGMENT DISPLAYS. 
BYPASS CAPACITORS FOR ICz AND IC3 NOT SHOWN. 


An analog control loop provides an adjustable “ground” node to control the current flowing through the resistors that set the segment currents. 
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Difference amplifier uses digital potentiometers 


Reza Moghimi, Analog Devices, San Jose, CA 


small signal in the presence of 

a large common-mode signal. 
Traditional instrumentation amplifiers 
that use two or three op amps in their in- 
ternal structure find common use in 
these applications. The circuit in Figure 
1 presents an alternative approach that is 
useful when low cost and low drift are 
important, but when you don’t need 
high precision. The circuit uses IC,, a 
dual 1024-position AD5235 digital po- 
tentiometer with nonvolatile memory. It 
also uses IC,, an AD8628 autozero am- 
plifier to form a difference amplifier with 
a gain of 15. The programming capabil- 
ity of the AD5235 allows you to perform 
gain setting and trimming ina single step. 
Autozero amplifiers, such as the AD8628 
and the AD855x family, are the best 
choices in these types of applications. 
They have high de accuracy and 
add negligible errors to the out- 
put. The long-term stability of the au- 
tozero amplifiers eliminates the need for 
repeated calibration. With a minimum 
common-mode rejection ratio of 140 dB 
for the autozero amplifier, the resistor 
match is the limiting factor in most cir- 
cuits. The transfer function of the circuit 
in Figure | is: 


Ye SOMETIMES NEED TO Measure a 


4 Rw2ai 

Rwz2b1 (1) 
where R, ,,, =nominal end-to-end resist- 
ance; R yarn terminal resistance, W to B: 
Ryp=RayX D/2%5 Ryan = terminal resist- 
ance, W_ to AiR = Rag Rwa= Rap 
(1—D/2%); D=decimal equivalent of the 
binary word; and N=number of bits. 

A special situation arises when 
(Revi)! Raa) Ryaas)! Ryn) The 
transfer-function equation reduces to 


R 
Mine (Vv, =V,). 


Vout 


(2) 
You can see that the output is the dif- 


WI1A2 
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A low-cost difference amplifier uses digital potentiometers to set the gain. 
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A plot for common-mode rejection ratio versus frequency for the circuit in Figure 1 yields a figure 


of 98 dB. 


ference of the two inputs times a gain fac- 
tor that you can set to any desired gain, 
including unity. Equation 2 holds true 
because the same chip integrates all the 
resistors; therefore, their values match 
tightly. The low-frequency common- 
mode rejection ratio is approximately 98 
dB (Figure 2). Because of the tight 
matching, the circuit can achieve a tem- 


perature coefficient of 15 ppm/°C. Al- 
though the circuit has lower performance 
than precision instrumentation ampli- 
fiers, it is adequate for many low-cost ap- 
plications. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Switching regulator forms constant-current source 


Stefan Strozecki, Institute of Telecommunications, Bydgoszcz, Poland 


ANY APPLICATIONS REQUIRE CUur- 
MV rent sources rather than voltage 
sources. When you need a high- 
current source, using a linear regulator 
is inadvisable, because of the high power 
dissipation in the series resistor. 
To solve the wasted-power prob- 
lem, you can use a switch-mode regula- 
tor. The circuit of Figure 1 uses IC,, an 
LM2576 adjustable regulator. It needs 
only a few external elements and has an 
adjustable sensing input, which you use 
for controlling the output current. Resis- 
tor Ris a current sensor. IC,,, one-half 
of a TL082 op amp, operates as a differ- 
ence amplifier. When R, =R,=R,=R,, the 
output voltage is proportional to the cur- 
rent flowing in R,.. Good common- 
mode rejection and a wide common- 
mode voltage range are important, 
because the amplifier works with large, 
changing common-mode signals. 
The second half of the TL082 op amp, 
IC, operates as a noninverting amplifi- 


FDB 
1 
LM2576 


IC 


Co + 
1000 pF 
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1N5822 


A switching voltage regulator forms a good 
basis for a constant-current source. 


er. The required gain depends on the out- 
put current you need: G=V,,./V.o 
where G is gain, V,,,. is the voltage on the 
sensing input of the LM2576, and V,. is 
the voltage across R,,.. Note that 
Vic=IourpRso where I,,,,is the output 
current. For example, if I,,,,.=2A and 
R,.=0.120, then V,.=0.24V. Typically, 
for the LM2576, V,,,.=1.237V. So, you 
can obtain the gain of the noninverting 
amplifier from the gain equation: 
G=5.15V/V. The overall gain of the non- 
inverting amplifier is G=1+R/R,. If 


R,=100 kO and G=5.15, you can solve 
for R, (24.1 kO). When you need a pre- 
cise output current, you can replace the 
fixed resistor, R with a series connection 
of a fixed resistor and a potentiometer. 
Tests showed that the output current is 
practically constant with varying loads. 
For example, the 2A output current 
changed less than 1% for an output-volt- 
age range of 0.3 to 15V. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Optocouplers are handy for motor drive 


Jean-Bernard Guiot, DCS AG, Allschwil, Switzerland 


based on an optocoupler, IC.. If the 

off switch remains closed, pressing 
the on switch powers the LED in the op- 
tocoupler. Thus, the transistor in IC, 
turns on. You can now release the on 
switch, and the transistor remains on. 
You must adapt the current-limiting re- 
sistor, R, to the power-supply voltage and 
the optocoupler’s characteristics. To turn 
off this latch, press the off switch, there- 
by cutting the current path. The output 
of this circuit comes directly from 


F IGURE 1A SHows a latching circuit 


the collector of the transistor. If 


you need an isolated output, you can use 
the circuit in Figure 1b, which works 
similarly to the circuit in Figure la. Fig- 
ure lc shows a similar circuit but with an 
NO (normally open) switch for both the 
off and on switches. Shorting the LED in 
IC, turns off the transistor in IC,. Thus, 
IC, also turns off. Note that simultane- 
ously pressing both the off and the on 
buttons turns on the output. But 
be aware that pressing the off but- 
ton reduces the voltage across the circuit 


Optocouplers are handy 
for motor drive 


Linear regulator=low-cost d¢/dc 
converter 


Make eight-channel measurements 
through an LPT port. 


Eliminate thermoelectric EMF 
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Parallel port controls arbitrary- 
waveform generator 


The Wien-bridge oscillator is reborn...... 104 


Optical sensor needs no tweaking 


Power-line outage flashes red alert........ 108 


Publish your Design Idea in EDN. See the 
What's Up section at www.ednmag.com. 
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Various optocoupler-latching circuits are suitable for motor control. In (a) and the isolated circuit 
(b), simply pushing the on button turns on the circuit. In (c), you push both buttons simultaneously. 


A notched cam controls a proximity switch, which determines the motor’s stop positions. 


below the resistor by 1 to 2V; you must 
consider this fact when you calculate the 
value of R. 

Figure 2 is a simplified schematic of an 
application in which a motor must always 
stop at a defined position. “Simplified” 
means that it shows only the parts need- 
ed for illustrating the optocoupler’s role 


and omits protection, correct polariza- 
tion, and a braking circuit, for example. 
IC, is the latching optocoupler. IC, is an 
npn-transistor, NO proximity switch. 
The proximity switch is on when metal 
is near its sensing area. A cam with a 
notch mounts on the motor axis. The 
motor should stop when the notch pass- 
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es the sensing area of the proximity 
switch. Closing the on switch turns on 
transistor Q.,,,, thus allowing the motor 
to rotate, regardless of the status of the 
rest of the circuit. When you open the on 
switch, two things can happen: 

@ The notch is near the sensing area of 
the proximity switch. IC, and IC, 
are both off, so Q.,,, receives no 
base current. Therefore, the motor 
does not rotate. 

@ Metal is near the sensing area of the 
proximity switch, turning on the 
switch. The LED and, therefore, the 


transistor, in IC, are still both on. 
Thus, the motor continues to rotate 
until the notch nears the sensing 
area of the proximity switch. At this 
point, the motor ceases to rotate. 
All circuits were tested using a PC814 
optocoupler from Sharp (www.sharp.co. 
jp). (The circuit in Figure 2 has been run- 
ning for a few months on several ma- 
chines.) Optocouplers, such as the 4N33, 
with accessible transistor bases are more 
difficult to use in this application. Of 
course, these circuits cannot replace all 
relays. But they are convenient and effec- 


tive in applications in which the current 
and voltage are in the range of optocou- 
plers. (You can add some amplification 
by adding some power Darlington tran- 
sistors.) The main advantages of these 
types of circuits are that they are low- 
power, have no mechanical noise, have 
no switch bounce, cost only about 50 
cents, require no critical components, 
and measure less than 610 mm. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Linear regulator =low-cost dc/dc converter 


Susanne Nell, Breitenfurt, Austria 


choice if you need a power 

supply with high efficiency 
and you don’t want to use expensive 
dc/dc-converter ICs. The heart of the cir- 
cuit is IC,, the common, inexpensive 
LM7805 linear regulator. The external 
switch is a pnp transistor; the circuit can 
easily source more than 1A output cur- 
rent. As an additional feature, the switch- 
ing circuit automatically turns off if the 
load draws no or only a few milliamperes 
of currents. Under these conditions, the 
circuit works as a normal linear regula- 
tor. When you first apply input voltage, 
current flows through resistor R, and 
through the LM7805 to the output. Cur- 
rent also flows through the emitter-base 
junction of Q, and turns on the transis- 
tor. The current through inductor L, now 
rises, and the output capacitor, C,, 
charges. When the output reaches the rat- 
ed output of the linear regulator (5V for 
the LM7805), the regulator switches off 
its output. 

Now, transistor Q, switches off, be- 
cause the LM7805 cuts off Q,’s base cur- 
rent. When the switch turns off, the volt- 
age across the inductor changes polarity, 
and current flows through diode D,. The 
current delivers more charge to C,, until 
all the energy stored in L, transfers to C,. 
If a load is present at the output, the load 


T: CIRCUIT IN Figure 1 is a good 
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You can use a linear regulator in a switching circuit to configure an inexpensive dc/dc converter. 


current discharges C,. When the output 
voltage drops a few millivolts below the 
5V output voltage of the LM7805, the 
LM/7805 again starts sourcing current to 
the load. This action switches on Q,, and 
the cycle starts again. Under light- or no- 
load conditions, all the output current 
flows through the LM7805, and Q, always 
stays off. You can adjust the switcher’s 
start current by selecting the value of R,. 

You can also use this circuit for output 
voltages greater than 5V. You can replace 
the LM7805 with an LM7812 or an 
LM7815 to obtain 12 or 15V at the out- 


put. For these higher voltages, you should 
add resistors R, and R,. These resistors 
add some hysteresis to the circuit, reduc- 
ing the switching frequency. Typical val- 
ues are 2.2 and 2.2 kQ, respectively. With 
the circuit in Figure 1, you can attain ef- 
ficiency approximately of 75% when you 
convert 24V to 12V. If you use a 5V reg- 
ulator, efficiency drops to 65%, but that 
figure is still better than that of a pure lin- 
ear regulator. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Make eight-channel measurements 
through an LPT port 


J Jayapandian, IGCAR, Tamil Nadu, India 


simple and cost-effective way to ob- 

tain eight-channel analog-signal ac- 
quisition through a PC’s LPT port. IC,,a 
12-bit, serial-output MAX187 ADC, op- 
erates from a single 5V supply and ac- 
cepts analog inputs of 0 to 5V. IC,, an 
eight-channel MAX338 analog multi- 
plexer, also operates froma single 5V sup- 
ply. The circuit acquires eight analog in- 
puts and displays eight independent 
digital readouts in a Microsoft Windows 
environment. The MAX338 connects one 
of eight inputs to a common output 
through the control of a 3-bit binary ad- 
dress. The design requires no external 
power supply; it instead derives power 
from the LPT port’s data lines D4, D5, 
and D6 (pins 6 to 8 on the DB-25 
connector). The low-power de- 
sign consumes less than 1-mA of oper- 
ating current. You derive the positive sup- 
ply, V+, and the logic supply, V,, by using 
IC,, a simple, ICL7660-based voltage- 
doubler circuit. The ICL7660 is a nega- 
tive-voltage converter. The bits DO 
through D3 (pins 2 to 4 on the con- 
nector) provide the channel-selection 
function. The controlling software in this 
design uses National Instruments’ 
(www.natinst.com) LabView Version 6.0 
graphics language. The software allows 
for channel selection through the Data 
port (0x378) and collects the ADC’s se- 
rial data through one of the bits in the 
LPT1 Status port (0x379). (The Status 
port uses Pin 15 on the connector, the 
LPT port’s Error input.) You can down- 
load the LabView software from the Web 
version of this Design Idea at www.edn 
mag.com. 

Once the ADC completes the conver- 
sion, its Data Ready pin switches from 
high to low. The DRDY output of the 
ADC connects to the LPT’s port Pin 10 
on the connector (the Acknowledge in- 
put). The controlling software senses the 
DRDY signal through the Status port 


T: CIRCUIT IN Figure 1 represents a 
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You can obtain eight-channel analog measurements through a PC’s LPT port. 
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This front-panel view represents a LabView 
Virtual Instrument for an eight-channel ADC. 


(0x379) on Pin 10 and sets the ADC’s 
chip-select pin CS to low, through Pin 1 
(Data Strobe output) in the Control port 
(0x37A). The routine then receives the 
MSB (most-significant bit) from the 


ADC. After receiving the MSB, the soft- 
ware generates the serial-clock output 
(SCLK) through Pin 14 (Auto Line Feed 
output) in the Control port (0x37A) and 
then receives the remaining 11 bits from 
the ADC. Upon reception of all 12 bits, 
the CS input goes high to enable the ADC 
to accommodate new data in its tristate 
output buffer. The sequence continues, 
and the digital panel meter displays the 
acquired data. One input of the LPT port 
(control port 0x37A, Pin 15) acquires the 
serial, 12-bit data. The controlling soft- 
ware shifts most of the bits left, accord- 
ing to the bit position, and some of the 
bits right (because the serial data is in the 
fourth bit of the data in the status port 
(0x379)). The software sets other bits to 
Zero. 

Finally, a logical OR function of the 12 
bytes/words delivers the 12-bit pattern of 
the acquired signal. For example, the 12th 
bit (MSB) appears as the first bit for 
transfer. This bit must be set as the 12th 
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position of the word; hence, the data re- 
ceived through the fourth bit, D3, must 
shift left through seven positions to be as- 
signed as an 11th bit, and so on. In this 
sequence of data structuring, once the 
fourth bit (LSB 4) of the 12-bit pattern 
appears, it needs no shifting, because it is 
an actual D3 bit. The third bit, D2, re- 
quires shifting in the right position by 
one, and the D1 and D0 bits need right- 
shifting by two and three, respectively. 
This method of shifting and finally per- 
forming a logical-OR operation delivers 


the exact 12-bit data pattern from the se- 
rial data received through one line of the 
parallel port. 

DO through D3 bits in the Data port 
(0x378) enable the channel selection. For 
each channel selection, the cited se- 
quence of acquiring the data and condi- 
tioning it provides eight independent 
digital readouts. The downloadable Lab- 
View Virtual Instrument program (new- 
multi_MAX187.vi) is a self-explanatory 
graphics program for the data-acquisi- 
tion process. In the program, a time de- 


lay of 125 jusec between SCLK and the se- 
rial-data read sets the data-transfer rate 
at 4 kHz. This time delay allows the read 
cycle to read exactly at the midpoint of 
the data bit to avoid improper data reads. 
You can reduce the time delay for faster 
data acquisition. Figure 2 shows the 
front-panel view of the LabView Virtual 
Instrument. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Eliminate thermoelectric EMF 
in low-ohm measurements 


John Wynne, Analog Devices, Limerick, Ireland 


HEN TWO DIFFERENT-METAL Con- 

ductors connect together 

. EMF, 
in a loop and one of the 


junctions is at a higher temperature than 
the other, an electrical current flows 
through the loop. The magnitude of this 
current depends on the type of metals in- 
volved and the temperature differential 
of the junctions. When you open such a 
loop, a thermoelectric voltage appears 
across the open ends. Again, the phe- 
nomenon depends on the type of metals 
involved and the temperature differential 
of the junctions. The junction of the two 
metals forms a thermocouple, so the 
thermoelectric voltage is a thermocouple 
voltage. 

When you try to measure small volt- 
ages or low impedances, thermal EMFs 
(electromagnetic fields) are likely to 
cause errors in the readings. A standard 
way that digital-multimeter manufactur- 
ers deal with the problem is to initially 
take one reading and then to reverse the 
excitation and take a second reading. Re- 
versing the current excitation through a 
low-value resistor or thermocouple junc- 
tion reverses the polarity of the desired 
signal but does not affect the polarity of 
the unwanted EMF voltages. Subse- 
quently averaging the two readings elim- 
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In this configuration, the excitation current flows in R,,,, from top to bottom. 


inates the thermoelectric EMFs from the 
final result (Reference 1). Figure 1 shows 
IC,, an AD7719 ADC measuring a low- 
value resistor, R,,. The diagram also 
shows two thermoelectric EMFs, EMF, 
and EMF., representing summations of 
all the thermoelectric EMFs on the way 
from and to the ADC and the resistor. 


These EMFs would normally cause an er- 
ror if you were to take a single measure- 
ment of R, wy: 

However, you can program each of the 
AD7719’s two current sources, I,,, and 
Lxcy to appear at either of the package 
pins, I,,,,, and 1,,,,,. This feature allows 


you to reverse the excitation current 
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through the low-value resistor. You can 
thus take two measurements and 
eliminate the effects of EMF, and 
EMF. To increase the excitation current 
and thereby increase the measurement 
sensitivity, the two internal 200-A ex- 
citation currents appear in parallel with 
each other. Thus, a single 400-A current 
source makes up the excitation current, 
I.xc in this design. Transistors Q, and Q, 
steer the excitation current through the 
reference resistor, R,p to ensure that the 
same polarity reference voltage always 
appears, regardless of the excitation-cur- 
rent direction. Port pins P1 and P2 (not 
shown) of the AD7719 drive the transis- 
tors in antiphase mode. A value of 6.8 kO, 
for R,,,, is suitable and ensures a typical 
ratiometric reference voltage of 2.5V. 
Figures 1 and 2 show the current flow 
in each phase of a measurement. During 
Phase 1, the excitation current flows out 
of 1,.,,» through R,, and through R,,,,. 
via Q, to ground. During Phase 2, the ex- 
citation current flows from I)...» 
through R,,, and through R,,,,. via Q, to 
ground. During Phase 1, V 
Vana Ve ame Van ee) Big) 
You now switch the current sources. Dur- 


ing Phase 2, Vorerease2) = “ann 
Vio. =V V 


AIN2 ’ EMF1 Y EME2 _ Lexc Riow): You 
now combine the two measurements in 
software to cancel the thermoelectric 


DIFF(PHASE1) _ 


Riow 
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In this configuration, the excitation current reverses, and flows from the bottom of R,,,, to the top. 


EMFS: V p= V, Vv 
(exc) (Ryow) 

Finally, you need to turn this ratio- 
metric measurement into an absolute 
one. You achieve this result by measuring 
a known voltage using the “unknown” ra- 
tiometric reference voltage. Taking a 
reading of this known voltage but with 
an unknown reference allows you to in- 
fer the unknown reference value and, 
hence, the absolute value of V,,,,,, on pins 
A, and A,,,. An absolute voltage refer- 


ence, such as an ADR420, supplying 


DIFF(PHASE1) Y DIFE(PHASE2) 


2.048V output, provides the known volt- 
age. It connects to the second pair of dif- 
ferential inputs, A,., and A,,,, and into 


the main 24-bit ADC channel. 


REFERENCE 
1. Low Level Measurements, Fifth Edi- 
tion, Keithley. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Parallel port controls 
arbitrary-waveform generator 


Art Kay, Texas Instruments Inc, Tucson, AZ 


OU CAN UsE the parallel port of your 


PC and a few additional 
components to generate a 


powerful, easy-to-use arbitrary-wave- 
form generator. By using a Visual Basic 
program with the circuit in Figure 1, you 
can generate any waveform (for example, 
sinusoid, triangle, amplitude- or fre- 
quency-modulated, or exponential de- 
cay) by simply entering its characteristic 
equation. For this circuit, the parallel port 
connects to four latches (IC,, IC,, IC,, and 
IC,). IC, provides control signals, IC, and 
IC, transfer data to the memory, and IC, 
controls a VFC (voltage-to-frequency) 
converter. During the load-waveform op- 
eration, the waveform data transfers from 
the parallel port via latches IC, and IC, to 
the memory chips IC, and IC,,. The bi- 
nary counter, IC,, increments the mem- 
ory addresses in sequence to allow load- 
ing each memory location with a unique 
16-bit binary word. Each binary word 
corresponds to a waveform data point. 
During the load-waveform operation, the 
memory’s configuration allows writing 
information to it (for example, ~OE=1, 
~WE=0). 

During the output-waveform opera- 
tion, latches IC, and IC, disconnect from 
the bus, and the memory delivers the 
stored data (for example, ~OE=0, 
~WE=1). For each accessed location, 
one of the binary words stored during the 
load-waveform operation transfers to 
IC,, a DAC7621. This transfer causes the 
DAC to deliver one output point in the 
waveform. The VFC causes IC, to clock 
through all possible addresses. IC, , resets 
the counter when the memory sequences 
through all possible addresses. When IC, 
resets to zero, the waveform begins to re- 
peat itself. Thus, each waveform com- 
prises 2048 data points. The number of 
points, N, and the clock frequency, C, 
control the frequency of the arbitrary 
waveform: f,,..=1/NT,, where T,, is the 
period of the clock frequency. 

IC,, IC,, and IC, forma circuit that ad- 
justs the clock frequency, C, via the par- 

(text continued on pg 104) 
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With the aid of some Visual Basic software and a few ICs, a computer's parallel port forms an 


effective arbitrary-waveform generator. 
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Depending on the points stored in memory, the circuit in 
Figure 1 can generate virtually any waveform. 
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allel port. The clock rate C controls the 
frequency of the arbitrary waveform. The 
output frequency of IC,,a VFC110 VFC, 
is directly proportional to its input volt- 
age. With a full-scale input of 10V, the 
VFC110 delivers 4 MHz. IC, provides a 
voltage output of 0 to 10V, thus provid- 
ing frequency control from near 0 Hz to 


4 MHz. The voltage output of IC, re- 
ceives its programming via the parallel 
port, thus allowing computer control of 
the clock rate. Thus, the circuit provides 
a frequency range of 7.6 Hz (1/(2048 x64 
wsec)) to 125 kHz (1/(32X250 nsec)). 
Figure 2 shows various sample outputs 
of the circuit. You can download the 


software files associated with this Design 
Idea from the Web version of the article 
at www.ednmag.com. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


The Wien-bridge oscillator is reborn 


Michael Fisch, Agere Systems, Longmont, CO 


Packard launched a product from a 

garage. The product was a Wien- 
bridge oscillator. It consisted of a single- 
pole highpass filter in series with a single- 
pole lowpass filter. To keep the gain 
constant, the circuit used an incandescent 
pilot light to provide AGC (automatic 
gain control). As is true for all incandes- 
cent bulbs, the pilot light has nonlinear 
resistance. When you turn on the circuit, 
the cold lamp’s resistance is low, resulting 
in high gain. As the gain increases, the re- 
sistance of the warming lamp increases. 
Thus, the lamp provides an AGC func- 
tion. The circuit has been in use for more 
than 60 years and is still in use. The only 
problem with the Wien-bridge oscillator 
is that below unity gain it does not func- 
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tion. When working for a telephone com- 
pany, I had to develop a 20-Hz, high-volt- 
age sine-wave ringer circuit. The circuit 
had to be adjustable from 20 to 200V p- 
p. The most difficult part was that I had 
to adjust the oscillator’s gain to a value 
below unity. 

The basic oscillator had to have gain 
slightly greater than unity to make the 
positive-feedback network oscillate. It 
also needed an AGC loop to control the 
greater-than-unity gain. So, I added a 
third loop around the oscillator and 
dubbed it a voltage-controlled, regulat- 
ed-output feedback circuit. The end re- 
sult (Figure 1) is a simple push-pull cir- 
cuit. By adding D,, a zener diode, to 
another feedback loop, I maintained the 
amplitude even when I adjusted the gain 


1N759A 
1N914& 


LN7SIA mo 


14k 
1k HIGH-VOLTAGE 
AMPLIFIER 


to a value lower than unity. The 5.2V zen- 
er diode maintains the gain. The result is 
that when the gain falls below unity, the 
amplitude tries to decrease but cannot do 
so, because the zener-diode voltage pulls 
it back up. IC,, the LT1056AN amplifier 
serves as a driver for the two LEDs, which 
alternately turn on and off at the fre- 
quency of the oscillator. IC, an 
LT1012AN amplifier has very low offset 
voltage. IC,, a high-voltage TI/Burr- 
Brown (www.ti.com) amplifier, produces 
the final output of 20 to 200V. The final 
result—a major breakthrough—is a 
Wien-bridge sine-wave oscillator that 
you can adjust below unity gain, and the 
circuit still maintains its AGC. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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This Wien-bridge oscillator is, according to the author, the first oscillator that can function at gains below unity. 
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Optical sensor needs no tweaking 


Ron Mancini, Texas Instruments, Bushnell, FL 


spans a 16-to-1 ratio because of vari- 

ations in the LED, phototransistor, 
ambient temperature, and optical path. 
The wide transfer-gain variation compli- 
cates output-resistor selection in dc-cou- 
pled circuits. You must size the output re- 
sistor to prevent high transfer gains from 
causing output-stage saturation, but low 
transfer gains yield low output-voltage 
swings with low-value resistors. You usu- 
ally need to make adjustments to match 
the dc output voltage to the transfer gain, 
and reliable operation requires readjust- 
ment under extreme temperature and 
dust conditions. The circuit in Figure 1 
eliminates the need for adjustments. The 
circuit uses dc-coupled feedback to con- 
trol the current in the output resistor. 
Hence, the output voltage is predictable 
and constant. 

The op amp’s input current and the 
current in D, is negligible, so I,=I,, and 
the output voltage is 2.7V when the pho- 
totransistor is on (light path unbroken). 
The output voltage is 0V when the pho- 
totransistor is off (light path broken). 
The op amp’s output-voltage swing ac- 
commodates the variation in transfer 
gain. This output voltage assumes the val- 
ue required to make the LED current 
times the transfer gain equal to the pho- 
totransistor’s emitter current. The input- 
current equation is as follows: 


T HE TRANSFER GAIN Of optical sensors 


oe a a a 
' R, 20k0 


VoutO 


The range of transfer gain is 80 to 5: 
5S1/1,$80. The op amp’s output-volt- 
age range is limited, especially with the 
high output-current requirement, thus 
the design uses a TLC071 that can source 
20 mA at 3.5V in this design: 


R22 a 
3MAX 


3.5—0.7 
—— 3500). 


When the light is blocked, the photo- 
transistor’s emitter current goes to zero. 
The input current, I,, can’t flow into Q, 
because it is off, so the op amp heads for 
the positive rail. If the op amp’s output 
stage saturates, the recovery time is un- 
predictable, so you insert the zener-diode 
combination D, and D, to prevent satu- 
ration. As the op amp’s output voltage ap- 
proaches 3.4V (V,,+V,,,), the diodes 
clamp the output voltage, thus prevent- 
ing saturation. R,=2700 so that it can 
supply adequate LED current without in- 
curring op-amp saturation. When this 
circuit drives a saturated logic circuit, you 
should buffer the output with a hystere- 
sis gate or a comparator with hysteresis. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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The op-amp feedback keeps the phototransistor’s current constant, so the circuit requires no 


adjustments for transfer gain. 
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Power-line outage flashes red alert 


Vasiliy Borodai, Zaporozhje, Ukraine 


cuit in a previous one to configure a 
power-outage detector with a flash- 
ing alarm (Figure 1, Reference 1). The 
circuit plugs into a mains outlet and uses 


T: DESIGN IDEA EXPANDS On a Cir- 


DGE OR 
4007 


trickle-charged nickel-cadmium batter- 
ies. The green-LED monitors the pres- 
ence of line voltage. The BZV55-C4V3 
zener diode, D, protects the batteries 
against overvoltage. Voltage bias from R, 


A green LED indicates normal power-line voltage; a flashing red LED denotes a power outage. 


and the green LED keeps Q, off, so the 
Q,-Q, RC oscillator remains off. When a 
power outage occurs, capacitor C, dis- 
charges in approximately 2 to 3 seconds, 
and the dc bias disappears. Now supplied 
by the batteries, the RC oscillator starts, 
and the red LED flashes at a rate of ap- 
proximately 2 Hz. R, and C, set the flash- 
ing frequency. You can use an infrared 
LED instead of the visible LED. The in- 
frared LED couples with an infrared re- 
ceiver to provide a convenient remote 
alarm. 


REFERENCE 

1.Terrade, J M, “Free-line indicator 
stops interruptions,” EDN, Dec 7, 2000, 
pg 187. 


Is this the best Design Idea in this 
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PFC on/off sequences 


Joél Turchi, On Semiconductor, Toulouse, France 


preconverters typically use the step- 

up, or boost, configuration, because 
this type of converter is relatively easy to 
implement (Figure 1). However, 
this topology requires the output 
voltage to be higher than the input volt- 
age. When this condition is not the 
case—for example, with on/off sequences 
or under load conditions—some inrush 
current flows through the boost inductor 
and diode to abruptly charge the output 
capacitor. For instance, before start-up, 
the output capacitor discharges. When 
you plug in the PFC stage, the output ca- 
pacitor attempts to charge reso- 
nantly to twice V,,. During this 
sequence, the current can largely exceed 
the levels obtained during normal oper- 
ation. Too often, these uncontrolled in- 
rush currents make PFC-stage designers 
nervous during on/off reliability tests. 
Except for On Semiconductor’s (www. 


P FC (POWER-FACTOR-CORRECTION) 
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CONTROLLER a 


In this classic boost-converter topology, inrush cur- 
rents can unduly stress the power-MOSFET switch. 


(Vour—Vin)Li 


TIME 


Boost-converter operation occurs in two phases. 


onsemi.com) MC33260, which monitors 
the entire loop current, available con- 
trollers cannot detect this overcurrent 
state. These controllers may turn on the 
power switch while a huge and poten- 
tially destructive current flows through 
the inductor. 

In the boost structure of Figure 1, the 
controller turns the power switch, Q,, on 
and off to control the L, inductor cur- 
rent. Figure 2 illustrates two phases: 


ideas 


Current-sensing scheme improves 


© Switch Q, is on. The boost struc- 
ture’s input voltage (V,,, the rec- 
tified ac-line voltage) appears 
across the inductor, L,, which 
charges linearly. 

© Switch Q, is off. The diode, D,, 

turns on and drives the inductor 
current toward the output ca- 
pacitor, C,. The inductor current 
ramps down with a slope equal to 
(Vour7 Vin)/L,. Vouyer must be 
higher than V,,, to properly dis- 
charge the inductor. 

If V,,, exceeds V,,,,, an inrush cur- 
rent flows through L, and D, and 
charges output capacitor C,. Design- 
ers generally place a diode, D,, be- 
tween V,, and V,,,,- This diode con- 
ducts a major part of the inrush 
current, thus improving the safety of 
the first power-switch turn-on. How- 
ever, when the output voltage is in the 
neighborhood of V,,, the current that 
ramps up during this first switch-on 
time generally cannot significantly de- 
cay during the off-time. As a conse- 
quence, the following turn-on opera- 
tion may occur while the inductor is 
still charged. Moreover, if V,,,,, needs 

several switching cycles to significant- 
ly charge (for example, under heavy load 
conditions), the power MOSFET faces a 
succession of stressful turn-ons that may 
jeopardize the circuit’s reliability. 

When you cannot use the MC33260, 
you can use the circuit in Figure 3 to im- 
prove the reliability of the PFC stage. You 
can test this configuration using the 
MC33262. Typically, the current-sense 
resistor, R, connects between the power 
MOSFET’s source and ground, and the 
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In this circuit, a modification in the placement of the current-sensing resistor increases the robustness of the PFC preconverter. 


negative terminal of the output capacitor, 
C,, connects to ground. As a result, R, 
senses only the power-switch cur- 
rent. In the modified circuit of 
Figure 3, the output capacitor’s charging 
current also passes through R,. As a re- 
sult, the sense resistor senses the entire in- 
ductor current. The MC33262 keeps the 
power switch off as long as the sensed 
current is higher than the setpoint that an 
internal multiplier establishes. When the 
sensed current is below this setpoint, the 
MOSFET turns on upon core-reset de- 
tection. If detection is impossible, a 600- 
sec watchdog timer reactivates the pow- 
er switch. In the case of on/off sequences, 
the core-reset information is generally 
unavailable, and the MOSFET turns on 
in the following cases: 

@ 600 sec after the preconverter 
switches on, regardless of the in- 
ductor current, in the traditional ap- 
plication, or 

@ once the coil current measures low- 
er than setpoint in the modified 
application. 

Figure 4 clearly shows that no switch- 
ing takes place when the input current is 
high, as long as the current is higher than 
the setpoint. In Figure 3’s example, the 
situation is even better. In effect, the 600- 
jusec timer delays the power switch’s turn- 
on even after the current-sensing block al- 
lows the turn-on, so the MOSFET finally 
switches on when the inductor current is 
zero. You can see that the modified appli- 
cation schematic increases the power dis- 
sipated in the current-sense resistor. In ef- 
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No switching occurs when the input current is high; a 600-.sec timer delays the power switch’s 


turn-on. 


— I 
fect, the losses are PD eiip = 1 Oo MSENGE 
(Lyyypax) > Where R,,...., is the current-sense 
resistor (R, in Figure 3), and I,..,,, is the 
maximum inductor peak current (ob- 
tained at the top of the sinusoid). In this 
application, you can compute the losses 


using the following equation: 
Pryp= 


é RsensE Cpxmax ) 1— ae > 
OUT 


where V,., is the rms input voltage and 
V our is the output voltage. The relative 
increase in dissipation then conforms to 
the following equation: 


120Vac 


Pope —Pryp (%) = . 
Vout _ 1.2Vac 


(2) 


P TYP 


From Equation 2, you can determine 
that if V,.=90V and V,,,,,=400V, the dis- 
sipation increases by 36%. If V,.=180V 
and V_,,,,=400V, the dissipation increas- 
es by 117%. The simple modification of 
the sensing resistor’s location signifi- 
cantly increases the robustness of the 
PFC preconverter during on/off tests at 
the price of a reasonable increase of the 
power dissipation in the sensing resistor. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Reset generator uses “fleapower” 


Philip Simpson, Maxim Integrated Products, Reading, UK 


HEN A PROCESSOR-controlled 
Wis must operate reliably, 

designers often choose to peri- 
odically reset the processor rather 
than rely on a watchdog configura- 
tion. In low-power systems, this peri- 
odic-reset circuit can consume a large 
part of the system’s current budget or 
may fail to operate at low voltages. 
The circuit in Figure 1 generates a 
low-going reset pulse of 100-tsec du- 
ration. The circuit consumes less than 
1-yA operating current and operates 
from 1.8 to 5V supplies with little varia- 
tion in the output period. The circuit is 
an adaptation of a normal relaxation os- 
cillator. The circuit has a differentiator 
and diode clamp on the output to gen- 
erate the 100-sec low-going pulse. You 
can adjust the period of the output wave- 


1V/DIV 


(a) 200 mSEC/DIV 


1V/DIV 


Voc Vec Voc 
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This reset circuit consumes less than 1 ,A and delivers a 
100-j.sec-wide reset pulse every 1.3 sec. 


form by varying R, C,, or both. You can 
adjust the pulse width of the low-going 
reset pulse by varying R,, C,, or both, or 
you can change the polarity by reposi- 
tioning D,. Figure 2a shows the com- 
parator’s output waveform, which has a 
period of approximately 1.3 sec. The pe- 


(b) 100 wSEC/DIV 


The comparator in Figure 1 produces a square wave with a period of 1.3 sec (a); the 
output differentiator yields a low-going pulse of 100-j.sec width at its 30% point (b). 


riod varies from 1.308 sec with a 
4.5V supply to 1.306 sec with a 1.8V 


ae ere supply. Figure 2b shows details of 
aceey the low-going reset pulse, which 
ouTPuT —_—_ takes the shape of the output of a 


normal relaxation oscillator. The re- 
set pulse is 100 psec wide at its 30% 
point on the exponential 
curve. 

The 350-nA supply current, the 
1.8 to 5.5V supply range, and the 
SOT-23 package make the MAX919 
ideal for this application. Measure- 
ments for the circuit reveal lower than 1- 
uA operating current. This low con- 
sumption would allow the circuit to 
operate from a single AA lithium cell for 
250 years. With judicious component 
choice, the circuit can generate periods 
from milliseconds to minutes. To ensure 
good temperature stability, you should 
use metal-film types for R, and R, and 
NP0 types for C, and C,. Assuming a re- 
set-logic threshold of 30% of the supply 
rail, you can use the following formulas 
to adjust the output pulse width and pe- 
riod: pulse width=0.36R,C,, and peri- 
od=.4R,C.. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Voltage-to-current converter drives white LEDs 


Susanne Nell, Breitenfurt, Austria 


LED from one 1.5V battery. Unfor- 

tunately, the forward voltage of a 
white LED is 3 to 4V. So, you would need 
a dc/dc converter to drive the LED from 
one battery. Using the simple circuit in 
Figure 1, you can drive one white LED or 
two series-connected green LEDs, using 


y OU SOMETIMES NEED to drive a white 
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only a few components. The circuit is a 
voltage-to-current converter, which con- 
verts the battery voltage to a current that 
passes through the LED. You can adjust 
this current and, thus, the brightness of 
the LED, by varying resistor R,. If you 
turn on switch S,, resistor R, feeds base 
current to transistor Q,.Q, turns on, and 


its collector current, via R,, turns on Q.. 
Now, the current through inductor L, in- 
creases. The slope of the increase is a 
function of the value of L, and the bat- 
tery voltage. The current through L, in- 
creases until it reaches a maximum val- 
ue, which depends on the gain of Q. 
Because the value of R, sets the base cur- 
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rent drawn from Q,, Q,’s col- 
lector current is also limited. 
Once the current through L, 
reaches its maximum value, 
the slope of the current = 
through L, changes. At that in- He 
stant, the voltage on L, switch- = 
es to a negative polar- 
ity forced by the 
changed slope. This negative 
voltage traverses capacitor C, 
and turns off Q; which in turn 
turns off Q,. The negative volt- 
age on L, increases until it 
reaches the forward voltage of 
the LED. The peak current through 
inductor L, now flows through the LED 
and decreases to zero. Now, Q, switches 
on again, via the current through R,, and 
the cycle starts again. By adjusting re- 
sistor R,, you can set the peak current 
through L, and the peak current through 


1 2 
0 
BATTERY 


1.5V 


Qi 
BC558C 


Si Ipc=10 mA 


You can eschew expensive dc/dc converters by using this inexpensive 
circuit to drive a white LED from a single battery cell. 


the LED. The brightness of an LED is a 
linear function of the current through 
the LED. So, adjusting the value of R, also 
adjusts the brightness of the LED. 

It doesn’t matter which LED you use; 
the forward voltage on the LED always 
increases until the peak current through 


L, flows through the LED. Dif- 
ferent forward voltages of the 
LEDs yield different on-times 
(duty cycles) but the same 
peak current through the LED. 
With the values shown in Fig- 
ure 1, the circuit oscillates at a 
frequency of approximately 30 
kHz and delivers a 20-mA peak 
current through the LED. The 
duty cycle depends on the ra- 
tio of the battery voltage to the 
forward voltage of the LED. 
One advantage of this circuit is 
that it requires no series-lim- 
iting resistor for the LED. The peak cur- 
rent through the LED is a function of the 
value of R, and the gain of Q.. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Use time-domain analysis of Zobel network 


Noél Boutin, Université de Sherbrooke, PQ, Canada 


ZOBEL NETWORK is useful in 
Jon a reactive load appear as 
a pure resistance to a driv- 
ing source prone to stability 
problems (Reference 1). A typical sit- 
uation is an audio power amplifier 
driving a loudspeaker, modeled at first 
approximation as an inductance and 
a series resistor (Figure la). The ad- 
dition of a series R,C network in par- 
allel with the series R,L network 
forms a Zobel network (Figure 1b). 
If you select the proper values of R, and 
C, the driving source sees a purely resis- 
tive load. Reference 2 discusses the com- 
putation of the total impedance, Z,, of 
the Zobel network: 


R,|s? uc #2 leg R,c+ +1 
R, R, 
2 ; 


s*(LC)+sC(R, +R,)+1 


from which you find that the following 
conditions must prevail: R,=R, and 
C=L/R/’. Designing the Zobel network 
in the time domain, rather than in the 
transformed-s domain, yields an easier 
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(a) 


A first-approximation model of a loudspeaker is an 
inductance and a resistor in series (a); the addition of a 
series RC network (b) makes the speaker look purely 
resistive to the driving source. 


way to arrive at the same result. More- 
over, the method provides a better un- 
derstanding of the reasons why the driv- 
er sees a purely resistive load with a Zobel 
network. 

Without loss of generality, let the driv- 
ing source be an ideal V-volt step-func- 
tion voltage source. If the load were pure- 
ly resistive, the source current, I,, would 
also be a step function. In the absence of 
the series R,C network, the current flows 
only through the series RL load, starting 
from a zero value and exponentially in- 
creasing toward a final value. The time 
constant in this case is Tt, =L/R,. For the 


source to supply a step current, you 
must add another branch that draws 
a current, I, such that it compensates 
for the slow-rising load current, I,. 
Adding the series R,C network meets 
that requirement. The current, [., 
flowing through that network is in- 
stantaneously equal to V/R, and then 
decreases exponentially to zero with 
a time constant T,=R,C. For the sum 
of the current, I,, flowing through the 
series R,L network and the current I, 
flowing through the series R,C network 
to yield a step current I,, R, must equal R, 
and tT, must equal 7,. That is, R,=R, and 
R,C=L/R,. 


REFERENCES 

1. Zobel, OJ, “Distortion Correction in 
Electrical Circuits with Constant-Resis- 
tance Networks,” Bell Systems Technical 
Journal, July 1982, pg 438. 

2. Albean, D, “Zobel network tames re- 
active loads,” EDN, Dec 21, 1995, pg 82. 
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Circuit improves further on first-event detector 


Vasiliy Borodai, Zaporozhje, Ukraine 


advantages over those in a previous 

Design Idea (Reference 1). The first- 
event detector with autoreset (Figure la) 
consists of N sets of monostable multi- 
vibrators, using 4001 logic circuits with 
LEDs attached. After any player (1 
through N) presses a pushbutton, the 
corresponding monostable multivibra- 
tor switches on, and its associated LED 
lights. The voltage at Point A changes to 


T HE CIRCUITS IN Figure 1 have certain 


a level of nearly 2V (the forward voltage 
of the LED). After that instant, no other 
player can change the situation by press- 
ing a pushbutton, because, to switch, the 
monostable multivibrators need a volt- 
age exceeding 4V. After an interval of 
0.5RC (nearly 15 sec for R= 1 MO, and 
C=33 wF), the monostable multivibra- 
tor returns to its previous state, and the 
circuit is ready for its next first-event de- 
tection. Figure 1b shows another first- 


Monostable multivibrators and LEDs form the heart of these first-event detectors with autoreset. 


event detector with autoreset, using 4011 
logic ICs. This circuit is a mirror image 
of the circuit in Figure 1a and operates 
similarly. 


REFERENCE 

1. Arendt, Lawrence, “Circuit improves 
on first-event detection,” EDN, Aug 16, 
2001, pg 106. 
Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


Delay line has wide duty-cycle range 


John Guy, Maxim Integrated Products, Sunnyvale.CA 


process pulses no shorter than their 

delay times, and that restriction con- 
fines the devices to applications in which 
the duty cycle remains near 50%. A lim- 
ited range of available delays (2 to 100 
nsec per tap) further limits their use. 
Longer delay is available with one-shot 
multivibrators of standard digital-logic 
families, but those devices do not retain 
duty-cycle information. As an example, 


Te DIGITAL DELAY LINES can 
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a PWM control circuit (Figure 1) must 
handle relatively long delays while re- 
taining information about the input duty 
cycle. The upper half of this dual-path, 
precision one-shot works on the input 
signal’s rising edge. The rising edge trig- 
gers the D flip-flop, IC,,, to drive IC,,’s 
input low. IC,, has an open-drain out- 
put; the output therefore rises exponen- 
tially according to the single R,C, time 
constant. IC,, compares the output with 


a dc voltage equal to 67% of V_.,, pro- 
ducing a conveniently scaled delay equal 
to R,C,. 

The output of comparator IC,, drives 
the set input of an RS latch (IC,, and 
IC,,.). It also feeds back to the input flip- 
flop, thereby resetting the flip-flop in an- 
ticipation of the next rising edge. The 
lower half of the circuit in Figure 1 works 
ina similar fashion, but it triggers on the 
input’s falling edge and drives the reset 
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input of the RS latch. You can 
test the circuit with a 100-kHz 
input signal and a nominal de- 
lay of 1 wsec. When the input 
duty cycle varies from 10 to 
90% (limits imposed by test 
equipment), the duty-cycle er- 
ror is less than 0.1%. 
You can obtain this 
performance with unmatched 
components. The circuit pro- 
duces accurate pulse widths for 
pulses as narrow as 20 nsec. To 
ensure accuracy, the timing ca- 
pacitors should be NPO types 
with 5% tolerance, and the re- 
sistors should be 1% accurate. 
The MAX907 comparator 
from Maxim (www.maxim- 
ic.com) provides the high in- 
put impedance, high precision, 


and low propagation delay the circuit 
requires. For most applications, 74- 
HC/HCT logic is fast enough to mini- 
mize propagation-delay errors. Note the 


ICaa 
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Based on a precision dual comparator, this delay line generates accurate duty cycles. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 


inclusion of a NAND gate connected as 
an inverter, IC,,, which enhances accu- 
racy by equalizing the propagation delays 
in each channel. 
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Improved frequency modulator uses “negatron” 


Alexander Bell, Infosoft International, Rego Park, NY 


circuit with a modulator and an RF 

transmitter (Reference 1) by modi- 
fying the modulator portion to obtain 
better accuracy. More improvements re- 
sult from adding a “negatron” circuit, a 
configuration that uses equivalent nega- 
tive capacitance. Reference 2 gives some 
insight into the uses of negative imped- 
ance. The circuit in Figure 1 works with 
the RF transmitter of Reference 1 (Fig- 
ure 2) as follows: The modulator uses op 
amp IC, in a standard flip-flop configu- 
ration (with the addition of the bias re- 
sistor R,, because of single-supply oper- 


y OU CAN IMPROVE a Capacitive-sensor 


ation). The negatron portion of 
the circuit uses op amp IC,. The 


The modulator portion provides improved performance over the circuit in Reference 1; the nega- 


output frequency, f, of the modulator 
without the negatron is a function of the 
time constant 1,,=R,C,. Thus, the fre- 
quency is a function of the physical val- 
ue of the input (for example, pres- 
sure or humidity). The potential 
accuracy and stability of the modulator 
in Figure 1 are greater than those of the 
modulator in Reference 1 because of the 


Improved frequency modulator 


a 


uses “negatron’ 
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This simple transmitter from Reference 1 allows you to remotely measure physical phenomena. 


low input capacitance and temperature 
coefficient of the LTC1124 op amp and 
the high stability of the R,-R, voltage 
threshold. 

Adding the negatron portion in Figure 
1 increases the relative sensitivity of the 
frequency modulator. The equivalent ca- 
pacitance of the negatron is C.= 
—C,(R,/R,). Assuming the physical value 


of the input causes the change AC (com- 
pared with the sensor’s initial capaci- 
tance, C,), the relative output-frequency 
change without the negatron (for small 
AC) is Af/f,=AC/C,. With the negatron 
added, the equation is: Af/f,=AC/(C,— 
C,(RJ/R,)). The result is higher relative 
sensitivity because of the reduction in the 
denominator value. The value of C, is ap- 
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proximately —100 pF for the circuit in 
Figure 1. In other words, a given change 
in the input value causes a greater rela- 
tive-frequency deviation. Note that 
adding the negatron changes the equiva- 
lent time constant: T=R,(C,—C,(R,/R,)). 
You can make value adjustments in R, to 


obtain the desired initial frequency, f,. 


Also, note that the measured values of f, 
and Af may differ from the calculated 
ones because of parasitics and the input 
capacitance of the op amp. 


REFERENCES 
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Get buck-boost performance 
from a boost regulator 


Tom Gross, Linear Technology Corp, Milpitas, CA 


ductance-converter) topology is gen- 

erally a good choice for voltage reg- 
ulators that must produce an on output 
voltage that falls in the middle of the in- 
put-voltage range, such as a 5V output 
from a 2.7 to 6V input, The topology has 
some disadvantages, however. The effi- 
ciency of a SEPIC circuit fares worse than 
that of buck and boost regulators, and 
SEPIC designs often involve the use of 


T HE SEPIC (single-ended, primary-in- 
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large, complex magnetic components, 
thereby complicating the design task. 
Figure 1 shows a simple and efficient al- 
ternative topology. When the input volt- 
age is lower than the output voltage, the 
circuit operates as a normal boost regu- 
lator. The inductor, L,, stores energy 
when switch Q, is on and the boost diode, 
D,, is reverse-biased. While D, is off, the 
output capacitor, C,, delivers the load 
current. When Q, turns off, L, reverses its 
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polarity, thereby forward-biasing D,. L, 
then charges C, and delivers current to 
the load. The inductor voltage adds to the 
input voltage to generate the output volt- 
age. 

The low-battery comparator in IC,, 
which usually checks battery levels, mon- 
itors the output voltage through its LBI 
pin. IC,’s internal comparator output 
switches low (sinking current). This ac- 
tion turns the p-channel Q, fully on, cre- 
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This circuit can both boost and step down the output voltage, depending on whether the input voltage is lower or higher than the output voltage. 
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ating a low-impedance path to the out- 
put. When the input voltage is the 
same value as or greater than the 
output voltage, the circuit functions like 
a linear regulator. In this case, the inter- 
nal comparator’s output assumes a high- 
impedance state. The voltage at the gate 
of Q, begins to pull up through R,, a 220- 
kQ resistor, so Q, begins to turn off. This 
action forces the output voltage to de- 
crease, and the comparator eventually 
again switches states from high to low 
(sinking current). The comparator’s low 
state causes the output voltage to rise 
again, and the cycle repeats. Thus, the cir- 
cuit begins to operate as a linear regula- 
tor, with Q, acting as the pass transistor. 

The circuit can also disconnect the in- 
put-to-output current path, unlike a 
conventional boost regulator. The shut- 
down signal connects to the gate of Q,,a 
logic-level, p-channel MOSFET, as well as 
to IC,’s shutdown (SD) pin. When the 
shutdown signal goes low, it turns off IC, 
and turns on Q,. This action delivers V,,, 
(via R,, a 100 resistor) to the gate of Q,, 
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The efficiency of the circuit in Figure 1 depends on whether the circuit acts as a boost converter or 


a linear regulator. 


thereby turning off the transistor. Hence, 
the shutdown operation disconnects the 
input-to-output current path. Figure 2 
shows how the efficiency of this linear- 
boost regulator depends on its mode of 
operation. When the input voltage is low- 
er than the output voltage, the efficiency 
of the regulator is that of a boost regula- 


tor. When the input voltage exceeds the 
output voltage, the circuit operates as a 
linear regulator in which efficiency is ap- 
proximately V/V, 


OUT’ * IN’ 
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Circuit transmits ARINC 429 data 


Steve Woodward, University of North Carolina, Chapel Hill, NC 


429 specification defines the air 

transport industry’s hardware and 
protocol standards for the transfer of dig- 
ital data between avionics systems. Cir- 
cuitry that can implement elements of 
the 429 spec is often an essential part of 
control and sensor electronics intended 
for the aviation environment. ASIC chips 
for this purpose are commercially avail- 
able, but they typically require nonstan- 
dard power supplies (for example, 
+15V) and wide parallel interfaces. 
Therefore, it’s sometimes inconvenient to 
accommodate them in 5V microcon- 
troller-based designs. The circuit in Fig- 
ure 1 serves the Tx (transmit/output) 
portion of the 429 spec. The design im- 
plements a high-speed ARINC-429-com- 
pliant transmit function using a single 5V 


T HE ARINC (Aeronautical Radio Inc) 
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SPI bit 

Byte ARINC field 7 6 5 4 3 2 1 0 
1 Label L L L L L L L L 
2 LS data N N N N N N SDI SDI 
3 Data N N N N N N N N 
4 Parity+MS data OPB SSM SSM N N N N N 
5 Spacer byte 0 0 0 0 0 0 0 0 
L...L = ARINC label (most-significant bit transmitted first) 


SDI = ARINC source/destination identifier 


N...N = 19 data bits (may include SDI and SSM fields; transmit least-significant bit first) 


SSM = ARINC sign/status matrix 


OPB = Odd parity bit (makes total count of "1" bits in the 32-bit word odd) 


supply rail and 74HC series chips. 

The physical transmission medium for 
the 429 standard is 78 shielded, twist- 
ed-pair cable that uses a complementa- 
ry, differential bipolar RZ (return-to- 
zero) waveform (Figure 2). The voltages 
are the net differentials that the biphase 


drive develops: For example, the differ- 
ential is 1OV when you drive the Data A 
signal in Figure 1 to 5V and the Data B 
signal to —5V. In addition to the signal 
levels, a 429 system must closely control 
the rise and fall times to conform to the 
specification. This control limits both in- 
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tra-cable signal crosstalk 


TRANSMIT 


1.5+0.5 wSEC 


1.5+0.5 pSEC 


and EMI radiation that 
might interfere with sen- 
sitive aircraft communi- 
cation and naviga- 
tion systems. The 

operation of the trans- 
mitter in Figure 1 centers 
around IC,, a 4-bitx 16- 
word FIFO memory. The 
serial ARINC bit stream 
comes from the micro- 
controller’s synchronous 
serial-peripheral interface 
(SPI); the C input of IC, 
buffers the data stream. In 
addition, the D input of IC, serves as a 
buffered ARINC-enabled bit (the micro- 
controller’s J port, bit 2). When low, this 
bit disables the ARINC transmitter logic 
and permits other system peripherals to 
use the SPI hardware. 

Bits A and B of IC, go unused. The 
100-kHz ARINC high-speed baud rate 
comes from the 1-MHz reference sup- 
plied to the IC, divide-by-10 circuit. The 
100-kHz signal drives IC,’s shift-out (SO) 
pin and the IC, pulse gate. The presence 
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5 pSEC+5% 
<< A ———_> 


10 pSEC+2.5% 
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The ARINC spec imposes rigid requirements on waveforms. 


of bits in the IC, FIFO (indicated by 
QR=1) resets the ARINC RDY bit in IC,, 
and enables IC,,. If IC,’s D bit (Pin 10) 
is also high, it gates the 100-kHz square 
wave to the IC, multiplexer. This action 
causes the sequential gating of —5,0, and 
5V onto the A/B data-output signals in 
ARINC-compatible waveforms. The LRC 
network at the output ensures compli- 
ance with the 429 requirements for rise 
and fall times. The circuit must process 
five 8-bit SPI bytes to generate each 32- 
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bit, 429-compliant output word. Table 1 
shows the format of the SPI bits. The first 
four bytes in Table 1 combine to form a 
32-bit ARINC 429 word. The 32-bit 
word, reading from right to left, starts 
with byte 1 (again, reading from right to 
left), then tacks on byte 2, and so on. 


Is this the best Design Idea in this 
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This ARINC 429 transmitter operates from a single 5V supply and meets all timing requirements of the 429 spec. 
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Circuit divides frequency by N+1 


Bert Erickson, Fayetteville, NY 


ly use flip-flop stages that 

connect the Q pin to the D 
data-input pin of the following stage. 
This configuration creates a binary wave- 
form that you can feed back to the input. 
You can divide any integer lower than 2% 
with minimal stages, where N is the num- 
ber of stages. These dividers can easily se- 
lect one frequency from 100 for a receiv- 
er. However, as the applied clock rate 
approaches the ratings of the devices, de- 
coding spikes appear. As a result, you'd be 
ill-advised to use the dominant pulse in 
such a waveform for clocks 
or strobes. The di- 
vider in Figure 1 
uses a ring configuration, 
and the stages connect Q- 
to-D, without using the Q 
output, to provide a bina- 
ry sequence. Consequently, Ql 


D IGITAL FREQUENCY DIVIDERS usual- 


This N-+1 divider displays no decoding spikes, even at high clock rates. The added NOR circuit 


ensures proper start-up. 


the circuit can divide only 


by N+1, but it produces a 
clean waveform at an ap- bo 
plied clock rate that’s sub- 
stantially higher than you 
can apply to conventional 
binary dividers using flip- 
flops from the same 
process families. 

If the last Q in a cascade of 74xx174 
flip-flops connects to the D input, the 
loop becomes a shift-register ring count- 
er. Moreover, the circuit can operate at a 
clock rate higher than that of any other 
configuration. Unfortunately, when you 
turn on the power or ground the reset 
pin, all Q outputs go low and remain low 
when you apply the clock. To circumvent 
installing a preset circuit that must op- 
erate at a high clock rate, you can place 
one NOR gate with its propagation de- 
lay in the loop. This addition ensures that 
the divider always starts and continues to 
function properly. Because this gate re- 
ceives inputs from all stages at once, it 
features parallel carry and has the prop- 
erties of a parallel-carry counter. For 
simplicity, Figure 1 does not show the re- 
set line, and you can delete the broken 


Section C. 
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feedback lines, providing that you 
ground the corresponding input pins. 
You can take the output from any Q pin 
and use an additional stage, such as Q5, 
for a buffer. Although the output of the 
NOR gate resembles one of the Qs, you 
should not use it as an output. 

Figure 2 shows the timing diagram for 
the divider. Section A of the diagram 
shows the state of DO and the Q outputs 
in the start-up condition before the first 
and second clock pulses arrive. Note that 
when the power turns on or when the re- 
set pin connects to ground, the Q outputs 
are all low, and D0 is high. DO then trans- 
fers to QO on the rising edge of the first 
clock pulse. Section B of the diagram 
shows the output for a repetitive se- 
quence starting with QO. Section C is an 
expanded representation of the end of 
the sequence. Note that Q2 falls after the 


These waveforms illustrate the operation of the N-+1 divider; note the propagation delay from the NOR gate in 


clock pulse rises. Then, with all Q outputs 
low, DO rises a short time later to allow 
the sequence to repeat. D0’s transfer can 
take place only after the next clock pulse 
rises. This factor creates an additional 
time slot to make the total N+ 1. Section 
C shows the propagation delay attribut- 
able to the NOR gate—approximately 10 
nsec for most logic-circuit families and 
less than 5 nsec for the F and S series. This 
propagation delay is the only additional 
delay in the loop. A comparison of the 
output waveforms with those from a 
74xx90_ divide-by-5 counter shows 
prominent decoding spikes from this 
counter. The N+1 divider had no spikes 
and operates at a much faster clock rate. 


Is this the best Design Idea in this 
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Maintain precise timing with PC’s speaker logic 


DS Oberoi, CEDTI, and Harinder Dhingra, GCET, Jammu, India 


mount in data acquisition and 

analysis and especially in digital-sig- 
nal processing. The easiest way of main- 
taining timing control in a PC is to use 
delay loops. The disadvantage of this im- 
plementation is that the delay loop’s 
elapsed time depends on the system’s op- 
erating frequency. Hence, a program 
works accurately with a single operating 
frequency, but you must modify it for 
other frequencies. You can use add-on 
cards to achieve timing control, but 


P vous TIMING CONTROL is para- 


MHz=0.838095 ppsec= counter_count_ 
time). Hence, the total period that 
Counter 2 can measure is approximately 
54.92 msec (65,536X0.838905 sec). 
Listing 1 gives the details of implement- 
ing the delay loop. You can download 
Listing 1 from the Web version of this 
Design Idea at www.ednmag.com. 

The software sets Counter 2 to oper- 
ate in Mode 2 by setting the control-word 
value to 0b4h and by writing this control- 
word data to the control-register port 
(043h). A routine called delay_loop() ac- 


they’re costly, and, for simple 
operation, they remain un- 
derused. This Design Idea 
explores another way to ob- 
tain timing control. You can 
implement a stable delay 
loop with the aid of the PC’s 
speaker logic. In PC/AT ar- 
chitecture, a 16-bit 8255 
timer/counter IC is available, 
and the IC’s operating fre- 
quency of 1.1931817 MHz is 
fixed across the entire range 
of PC families. You can use 
this fixed-frequency feature 
to implement a delay loop. 
In PC/AT architecture, 
Counter 0 serves as a system 
timer and to maintain the 
time of day. Counter 1 gen- 
erates pulses and serves as 
the DRAM refresh-rate gen- 
erator. The PC uses Counter 
2 for sound generation 
through the PC’s speaker. 
Only Counter 2 is available 
for an implementation of the 
delay loop. You can enable or 
disable Counter 2 by setting 
bit 0 of the 8255’s Port B to 
1 or 0, respectively. For our 
purposes, Counter 2 oper- 
ates as a rate generator (in 
Mode 2 operation). In this 
mode, the counter automat- 
ically decrements by one 
count with every counter 
clock pulse (1/1.1931817 
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tually implements the delay loop. The 
routine first configures Counter 2 by 
writing the control word in the control 
register. Then, the program loads 
Counter 2 with starting (ffffh) data at ad- 
dress 042h in a 2-byte operation. The 
routine then enables the counter by set- 
ting bit 0 of the 8255’s port B (in other 
words, port 61h) to one. Once enabled, 
Counter 2 automatically decrements by 
one count every 0.8380958 sec. Before 
calling the delay routine, the software 
computes the total of Counter 2’s count 
required for the desired delay 


LISTING 1—DELAY-LOOP ROUTINE 


Pinelade <ceunbet> 
#inelade <dosh> 


Sideline comnter count time 1(MMINISDYSH /* Counter2’s single count peried(mS) */ 


define read port (37H &* Address of Read Port 


unsigned counter_data, count elapsed, required count; 
float desired_deluy_timme; 


void delay loop(unsigned delay count); 
mabni) 
{ 
desired_delay_ time=0.% —/* Delay Tier in milli second */ 
/* Find hew many coumts are required for the desired delay */ 


required count = desired _delay_time/counter_count_tiene; 
for (::) 


{ 
7" Place the desired statements bere, before delay */ 


delay loop(required_cownt); /* Call The Delay Rowtine */ 


i/* Place the desired processing statements bere, after delay */ 


: 
} 


(* Delay Rowtine starts here */ 
void detay loop unsigned delay cownt) 


| 

count _clagsed « 0; 
ase mov al, bth 
ase oot 43h a1 
oem mow al, (Th 
asm owt (2h, al 
asm owt Mlhal 
asm muy al, 01h 
asm owt (61h, al 


¢* Set the counter? operation */ 


/* Load the intial count as (Th ad] 
/* completed im bev cycles / 


/* Counter data ib read GIL, desired counts are nut obtained * 
while (count_elapsed < required_comnt) 
{ 
asen im al, (M2h 
asm mov el, al 
wom in al, (42h 


*Galsp 


‘* Getthe MSB OY 


asm mov coanter data , ax 


count_clapsed « (cif. counter data); /* Caloulate the elapsed counts */ 


! 
¢* Disable the coenter? */ 
ase mov al, Oh 
ase owt O61h, al 


/* Enable the counter and Start the ON period */ 


/* Two bytes, combined to get 16 bit data*/ 


(desired_delay_time). A 
“while” loop repeatedly reads 
back Counter 2’s data from its 
input port (042h) in a 2-byte 
operation. 

The two bytes combine to 
produce 16-bit data (count- 
er_data). This data helps to 
compute the elapsed counts 
(count_elapsed); as soon as 
the required count is reached, 
the software exits this loop. 
The routine disables Counter 
2 by setting bit 0 of the 8255’s 
port B to 0 before returning 
to the calling program. Thus, 
it achieves the desired delay. 
Because the count depends 
on a fixed operating frequen- 
cy across the entire PC fami- 
ly, you can use this method to 
implement a precise and sta- 
ble timing loop. You can 
achieve delays of approxi- 
mately 20 psec to 54.9 msec. 
The software is in Turbo 
C++ and assembly language 
and was tested it in MS-DOS 
mode on a 450-MHz Pen- 
tium II computer. 


Is this the best Design Idea 
in this issue? Select at 
www.ednmag.com. 
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Voice feedback enhances engineering calculator 


Alexander Bell, Infosoft International Inc, Rego Park, NY 


T= SCREEN SHOT IN Figure | repre- 


sents a Microsoft Excel 2002 
worksheet designed to im- 


plement VFI (voice-feedback interface) 
for an engineering calculator. The voice- 
interface technique has both practical 
and educational aspects. It automates the 
common task of finding the values of two 
resistors for a given ratio. It also demon- 
strates the latest advances in natural-lan- 
guage programming technology with an 
example of the technology’s actual im- 
plementation in CAD/CAE systems. A 
single user-defined function RR (resistor 
ratio) encapsulates both the computation 
engine and the VFI. The function uses 
VBA (Visual Basic for Applications) with 
the code placed in the standard code 
module of Excel File (Listing 1). You can 
download Listing 1 and the Excel work- 


Formula Bar: User-Defined formula is entered into the 
Cell B2 


Owes @Ar tHe 


1 end R2 Value in Orens (E24) Relative Error Gr = 


2119 R182, R2=4 3, Er=0.3672% 


1OO(R1 RI Ratio Ratio, 


Text-To-Speech 
Toolbar 


Cell A2 serves for data (ratio) entry; cell B2 contains the user-defined formula 5RR(A2). In automat- 
ic calculation mode, every time you enter a new ratio value in A2, the system recalculates R,, R,, 
and Relative Error. 


sheet from the Web version of this Design The core search algorithm, which con- 
Idea at www.ednmag.com. tains outer and inner loops, sequentially 


Optien Explor 

Fuscoon RR{ByVal Rate As Variaet) As Stomg 

*** AUTHOR: ALEXANDER BELL 

"DATE - (0202 

est 

_ : FORMULA LIMITATIONS: |< RATIO < 100 600 000. 


On Emor GoTo Erscetiandie 


Dim 1 As Inoeger, ) As Imeger ** LOOP COUNTERS 
Dim di(Mantina AsDosble §=*** MANTISSA VARIABLE 
Dim imOrder Asinteger = “** ORDER VARIABLE 


su_MSO ~ “PLEASE, ENTER THE NUMERIC VALUE" 
Appbeatoa Speech Speak str_MSG, Truc 
Exh Fuschos 


LISTING 1—CODE MODULE FOR VOICE FEEDBACK 


** USAGE: PIND THE RESISTORS VALUE RI AND R2 FROM E24 SERIES WHICH MAKES THE |  jetOrder = Int LogiRatio} / Logg }()) 
‘** | APPROXIMATION FOR GIVEN RATIO, BASED ON CRITERIA: MIN(ABS(RATIO-RIRZ}). | ee cry pesecTORS INITIAL VALUES 
“* — ONOTE: RETURN RESISTORS VALUES ARE SHOWN IN OMMS itfirror © Abe{Rt} / 2 - cloiMantiam) 
Const MAX_ORDER As ineger 8 “** CONST USED TO SET LIMIT FOR RATIO (<100 000000) | * Loop THROUGH E24 ARRAY TO FIND R2 AND RI MANTISSA RESULTING IN A MIN ABS 


Di BR As Double, R2 As Double "** RESISTORS VALUE VARIADLES ERROR 
Dim ditError As Double = ** ERROR OF APPROXIMATION VARIABLE ‘** NOTE: THIS ALGORITHM RETURNS Rl MANTISSA WHICH IS ALWAYS BIGGER OR 


Dim ertli24 As Variare ‘** VARIABLE REFERENCING TO E34 VALUES ARRAY If Abalarrii24(I) / ereti24(J) ~ dbIMantisna) < dblicree Then 
Qtr str_ MSG As Stizg ‘** VARIABLE CONTAINING THE VOSCE NOTIFICATION TO Ri ~ ania) 
USER BR) an EM) 
dbiEsrce ~ Abs(aetE24(1) / aetE24(J) - dbBolacstissa) 
** DATA VALIDATION WITH VOICE FEEDBACK Eada 
Perrererrrreeretirrrr rr titr ttt irtererite ri Nextt 
If CSufRatio) « * Then Next] 


End if dbifirree ~ (Rl ( R2 « Ratio) / Rano 
If Not leNumere( Ratio) Then 
«= _MS0) = "WRONG ENTRY: PLEASE, ENTER THE NUMERIC VALUE" ““* RETURN RESULT STRING: RESISTORS VALUES IV OHMS RELATIVE ERROR IN % 
Speech Speak s_MSG, Truc RR “Rin” & CSoiRI)_ 
Exe Fusction &*, R=" & CSwiR2)_ 
End If & *, Bre” & Pormat(del Error, 0.000%") 
If Ratio < 1 Then ‘** SEND “OK” VOICE NOTIFICATION TO USER AND EXIT FUNCTION 
s@_MSG = “WRONG ENTRY: RATIO MUST BE MORE OR BQUAL 1, OTHERWISE USE THE st_ MSG « "OK" 
INVERSE VALUE” Application Speech Speak str MSG, True 
lication Speech Speak ee _MSX), True Exh Furction 
onesie Prove | tancthe 
Bad if ‘** IN CASE OF ERROR RETURN EMPTY STRING AND SEND THE ERROR VOICE 
If Ratio >= 10° MAX _ORDER Then NOTIFICATION TO USER. 
o7_MS0 ~ “WRONG ENTRY: RATIO NUST BE LESS THAN * & CSur{10 * MAX_ORDER) RR-" 
Application Speech Speak we MSG, True s=_MS0 = “UNANTICIPATED ERROR IN CALCULATIONS.“ 
Eat Function Applesten Speech Speak st MSG, Tree 
Eee If End Functon 


‘s* E24 SERIES ARRAY. LAST VALUE (10) IS INCLUDED TO SIMPLIFY THE SEARCH 


ALGORITHM 
attE24 © Areay(l, 1.1, 1.2, 13, 14, 1.5, 1.6, 1.8, 2,22,24,27,_ 
3, 33,39, 43, 4.7, $1,546, 62,64, 7.5, £2, 9.1, 10) 


‘** CALCULATE ORDER AND MANTISSA FOR GIVEN RATIO 
GbiMareres ~ Ratio / (10° extOrder) 


Riw-t:R2=1 


EQUAL R2 
For I ~ LBoundiarrE24) To UBound{urE24) 
For 1 ~ LBound{arri24) Te! 


*** CALCULATE RI VALUE IN OHMS AND RELATIVE ERROR IN (%) 
Rl ~ Ri * 10° unOeder 
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tests each pair of values, R, 
and R,, to find the best ap- 
proximation of the target 
ratio. In other words, the al- 
gorithm tries to minimize 
the absolute error: (ABS 
(R,/R,— Ratio) ). The values 
of R, and R, come from the 
E24 EJA-standard series, 


End If 


LISTING 2—VOICE-ERROR NOTIFICATION 


IfNot IsNumeric(Ratio) Then 
Str_MSGS"Wrong ENTRY: PLEASE, ENTER THE NUMERIC VALUE.” 
Application. Speech.Speak str_MSG, Truc 
Exit Function 


(for example, A2 in Fig- 
ure 1) for the ratio 
(data-entry cell) and an- 
other cell (for example, 
B2) to display the results. 
Enter the formula 
=RR(A2) into cell B2. 
Now, every time you en- 


but you can apply the same algorithm to 
any other standard series, such as E48, 
E96, or E192. The VFI sends the status- 
notification message in a verbal form in- 
stead of showing the Message Box. The 
VFI uses the built-in Excel 2002 Speech 
Object with the following syntax: 


Application.Speech.Speak 
<String Variable or Constant>, True, 


where <String Variable or Constant> 
contains the actual spoken text, and the 
second property is set to True for asyn- 
chronous mode. Listing 2 is an example 
of voice-error notification in the case that 
you enter non-numeric data as the ratio 
(data-validation error message): 


Using the technique is simple. Open 
Excel File, switch to the Visual Basic Ed- 
itor window (press Alt-F11), add the 
standard module, and paste the code 
from Listing 1. From the Debug menu 
item, choose Compile VBA Project, save 
the file with any name, and close the Vi- 
sual Basic Editor window. Make sure you 
activate the text-to-speech tools (in the 
menu: Tools—Speech—Show Text To 
Speech Toolbar). Check whether you are 
in automatic- or manual-calculation 
mode (in the menu: Tools—Options— 
Calculation). Set the mode to automat- 
ic; otherwise, youd have to use the F9 key 
to force a new calculation every time you 
enter a new ratio value. Choose any cell 


ter a new ratio value into 
cell A2, the system automatically calcu- 
lates and displays R,, R,, and Relative Er- 
ror, and sends the status voice notifica- 
tion. The notification is either “OK” to 
confirm the successful completion of the 
calculation or an error notification in the 
case of a data-validation or computation 
error. Note that some macros in Mi- 
crosoft Office applications could result in 
potentially dangerous and harmful ac- 
tions, and some may contain viruses. You 
use the macros at your own risk without 
warranties of any kind. 


Is this the best Design Idea in this 
issue? Select at www.ednmag.com. 
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Simple circuit provides motor-feed control 


Jean-Bernard Guiot, DCS AG, Allschwil, Switzerland 


machine, we modified an old 

milling machine that lacked a con- 
trol system. The table of the grinding ma- 
chine needed only to move back and 
forth with adjustable feed. Using an ex- 
isting dc servoamplifier, a servo motor, 
and limit switches, we devised the circuit 
shown in Figure 1. Because the motor 
had no tachometer, we used part of the 
motor voltage as feedback. We reduced 
the feedback voltage from the 
motor to approximately 8V 
by using the resistors R, to R,. (Motor 
voltage=60V, maximum amplifier in- 
put=10V, R,=R,=33 kO, and R,=10 
kQ.) This feedback voltage feeds back to 
the speed-command differential-voltage 
input. You must be careful with the feed- 
back-signal polarity to avoid an uncon- 
trolled runaway of the motor. The actual 
command voltage connects to the 
tachometer input, which is not differen- 
tial. Using the appropriate gain and con- 
trol-loop adjustments available on most 
drivers, you can obtain good motor re- 
sponse. This design uses the +15V the 


B ECAUSE WE NEEDED a small grinding 


Simple circuit provides 
motor-feed control 


Linear power driver works 
from single supply 


Gircuit performs high-speed 
voltage-to-current, current-to- 
current conversion 


Op amp linearizes 
attenuator control response 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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A defunct milling machine served as the platform for this grinding-machine motor controller. 


driver supplies to power the control cir- 
cuit. Switch S, enables manual and auto- 
matic modes. For both modes, poten- 
tiometer P, reduces the control voltage, 
and C, filters it. Two LEDs, D, and D,, 
show in which direction the axis moves. 
This indication can be especially useful in 
automatic mode if the potentiometer is 
turned to its zero position. The driver be- 
comes disabled in one direction when the 
inputs +Limit or —Limit no longer con- 
nect to 15V; that is, when the limit switch- 
es LS+ or LS— (located at each end of 
travel) become activated. The following 
describes the operation of the two modes: 


@ In manual mode, the momentary 
switch S,, selects 15V or —15V. If 
you use two separate switches, take 
care to avoid shorting both power 
supplies together. 

@ In automatic mode, the polarity of 
the voltage depends on the setting of 
relay K,. Upon power-up, K, is off; 
thus, a positive voltage goes to the 
driver. The motor moves in the pos- 
itive direction until limit switch 
LS+ activates. At that instant, the 
driver is disabled (for the positive 
direction), and the relay, K,, ener- 
gizes. K, holds itself on through its 
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contact, diode D,, and the limit 
switch, LS—. You need the diode to 
avoid feeding voltage to the — Lim- 
it input through the activated LS+ 
limit switch. The motor now runs in 
the opposite direction until the lim- 
it switch LS— activates. At that in- 
stant, the driver is disabled (for the 


negative direction), and relay K, 
turns off. The cycle begins anew. 
The values of the components the cir- 
cuit uses depend principally on the se- 
lected servoamplifier and motor, thus 
Figure 1 shows no values. The machine 
has worked satisfactorily in two shifts for 
more than two years. During this period, 


contrary to our expectations, we never 
readjusted the servoamplifier. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Linear power driver works from single supply 


Tom Gay, Darmstadt, Germany 


analog applications, it is 

often desirable to main- 
tain precise control of voltages 
much greater than the positive- 
supply rail. The circuit in Figure 1 
allows you to amplify the input 
voltage, V,,, by a factor, A, which 
resistors R, and R, set. The output 
voltage, V.,,,,. equals AV,,, where 
A=R,/(R,+R,). The op amp re- 
ceives its supply from a single 5V 
source, and the discrete output 
stage operates from a rectified 
voltage, V., from a power source 
that meets the requirements of the 
application. When the circuit nei- 
ther sinks nor sources current, the 
op amp’s output settles to a volt- 
age higher than 1.9V (Q, is com- 
pletely off) but lower than the 
threshold voltage of the n-channel 
FET, Q,, minus 1.2V (two diode 
drops). When V,, rises from a giv- 
en state, the op amp’s output volt- 
age drops and gradually turns on 
Q,. This action results in a voltage drop 
across R,, turning on Q.. This process 
continues until the voltages at the op 
amp’s two inputs match. A decreasing V,,, 
causes the op amp’s output voltage to rise 
to the point at which Q, conducts enough 
to pull down V,,,,,- Capacitors C,, C,, and 
C, are necessary to prevent oscillation. 

The circuit, useful as a power driver for 
pulse generators, offers rise and fall times 
of less than 15 psec, virtually independ- 
ently of the supply voltage, V,. You can 
test the design with op amps LMC7101, 


| N LOW-POWER, single-supply 
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LT1013, and AD8551. All these op amps 
deliver load currents as high as 5A at volt- 
ages as high as V,=40V. One important 
feature of the design is its insensitivity to 
component tolerances. The values for R, 
and R, in Figure 1 yield A=8. The value 
of R, depends on V,. You could use a log- 
ic-level FET, such as the IRLZ34N for Q,; 
you can then omit the components D,, 
D,,D,,R,, R,, and C,,. In this case, the op 
amp’s output connects directly to the gate 
of Q,, and you must reduce the value of 
R, to lower the base voltage of Q, to 


Q 
IRFOZ24N 


D3 
STPSD745 


OVour 


1N4148 
Dy 

1N4148 

Q3 


This simple circuit allows you to control voltages far in excess of the positive-supply rail. 


maintain the “idle window” in which 
both Q, and Q, are off. The op amp’s in- 
put-voltage range must include ground. 
D, is necessary only in cases in which 
sources connect to the output. D, pre- 
vents reverse current flow from the ex- 
ternal source through Q,. Such a situa- 
tion can arise when the circuit serves in 
a battery-charger application. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Circuit performs high-speed voltage-to-current, 
current-to-current conversion 


Ali Mehmed, Nokia UK Ltd, Southwood, UK 
HE CIRCUIT IN Figure 1 performs ac- 

T«: voltage-to-current con- | Figure | Cog 
version or acts as a variable- [Figures | OPTIONAL 


gain current mirror with high precision 


and bandwidth. A typical application is oi ol 402* 

testing high-speed ICs or other devices OPTIONAL 

that have inputs designed to be driven INPUT Ro PaCS 

from current-steering DACs to enable a “©. VIN 100* 1 Ra Oo 

modulated voltage source to control the oa 

devices. The circuit thus simplifies the = os 7 4 NIC 3 

testing of such devices in isolation, be- tic Ris 2 ADBOS5AR Gc, 4 ee 

cause modulated voltage sources are ~ 10 nF T #36 il gee 

readily available, but modulated current == = 200 ~ Re 

sources generally are not. A further use of ” O mM 

the circuit could be for easy and precise = 

control of a current-controlled, variable- 

gain amplifier by using an adjustable dc ° S 

voltage source at the input. Figure 1 a “~) 

shows the circuit configured as a voltage- 3VO—vn : IC3 NS 
to-current converter. The overall “gain” CRONE Cs AD8O55AR gcti75 [> OUTPUT 
with the component values shown is 1 i _— 2 lour SS 


mA/V, but you can easily realize other 
gains by altering the component values. 
Note that the output of the circuit can 
both source and sink current. 

Starting at the input, V,,, because the 
input of amplifier IC, is at virtual 
ground, the parallel combination of R, SUPPLIES 
and R, provides a 50, termination for 
the input signal. IC, then inverts this sig- 
nal with a gain of R,/R,. Amplifier IC, 
provides a gain of —R,/R, =—1 to the 
signal received from IC,, but its nonin- 
verting input is tied to the 3V reference. 
Therefore, its output and the top of the 
current-sense resistor, R,, is offset by 6V 


REFERENCES 


‘ : 4 5 Cg 
with respect to ground when Vin iS zer0. Ri TY pizzas Oc 
The current source comprises amplifier 6.8k —10V 
IC, and the p-channel JFET, Q.. The + = 
choice of a JFET, rather than a bipolar NOTES: ~ 

. . ; 1. RESISTORS MARKED WITH * ARE 0.1% TOLERANCE. 
transistor, ensures very high speed, ene 2. ALL OTHER RESISTORS ARE 1% TOLERANCE. 
dc error, and almost perfect linearity in 3. DECOUPLING FOR ICs IS NOT SHOWN. 


the output-current characteristic. The 
JFET is an SST175 from Vishay/Siliconix 
(www.vishay.com); it has a guaranteed | This versatile circuit can serve either as a voltage-to-current converter or as a variable-gain current 
I ,s5 Current of 7 mA, high speed, and low | mirror. 
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capacitance. Amplifier IC, clamps the 
voltage at the source of Q, and the 
bottom of R, at 3V. With no signal 
input, therefore, Q, passes a constant 
quiescent bias current of 3 mA into the 
3-mA constant-current sink involving 
IC, and Q,. The output current of the 
circuit, which comes from the drains of 
Q, and Q,, is zero. When V,,, assumes a 
level AV,,, above ground, the voltage at 
the top of R, increases by the same 
amount. So the current through R, and, 
thus, the output current, I.,,,,, increases 
by an amount AV,,/R,, equivalent to 1 
mA/V. 

This circuit differs from the tradition- 
al precision current-source topology 
(Figure 2) in that, the op amp in Figure 
1 clamps the bottom end of the sense re- 
sistor at a constant voltage rather than be- 
ing varied in response to the input signal. 
Instead, the voltage at the top end, which 
would normally be connected to a fixed 
voltage, varies in response to the input 
signal. Furthermore, because Q, is always 
conducting, its gate-voltage variations 
are typically less than 200 mV in response 
to changes in V,,. The result is that no 
nasty current spikes transfer to the out- 
put via Q,’s gate-channel capacitance 
when V,, makes a step to or from zero. In 
a traditional circuit, because there is no 
current sink, the op amp must com- 
pletely turn off the FET when the output 
current must be zero. In doing so, the op 
amp’s output slews several volts to satu- 
ration near its positive supply rail, trans- 
ferring a high-amplitude current spike 
onto the output. A spike of the opposite 
polarity and similar magnitude is creat- 
ed when the op amp has to recover from 
saturation and slew in the opposite di- 
rection to again turn on the FET. 

The 3-mA constant-current sink com- 
prises amplifier IC, and n-channel 
MOSFET Q,. IC, clamps the voltage at 
the top of current-sense resistor R, at 
—3V. Because the voltage-reference cir- 
cuit fixes the bottom of R, at —6V, the 
quiescent current through Q, remains 
steady at 3 mA, equal to the current 
through Q, when V,, is zero. When V,, 
assumes a level AV,,, below ground, the 
voltage at the top of R, decreases by the 
same amount; the current through Q, 
then falls below 3 mA; and the current 


86 EDN | JuLy 25, 2002 


This topology represents a traditional voltage- 
controlled current source. 


sink obtains the balance of its current, 
AV,,/R, from the load. 

The —6V reference that fixes the bot- 
tom of R, derives from amplifier IC,’s ap- 
plying a nominal gain of —2 to the 3V 
reference. You should trim the —6V ref- 
erence by means of R,,,, such that the out- 
put current is zero in the absence of an 
input signal; the quiescent currents in Q, 
and Q, are then equal. Note that this sin- 
gle adjustment entirely calibrates the sig- 
nal path, canceling out the effects of re- 
sistor tolerance, amplifier dc errors, and 
any tolerance in the +3V references but 
not the effects of finite open-loop gain. 
To ensure maximum bandwidth in the 
signal path, the amplifiers are AD8055- 
ARs from Analog Devices (www.ana- 
log.com). These amplifiers can tolerate 
a total supply voltage of only 10V, so you 
must operate IC, from a split +5V sup- 
ply and IC, and IC, from a single-ended 
10V supply, because their inputs are 3V 
above ground. 

You can obtain optimum dc accuracy 
and stability by using an OP177GS am- 
plifier for IC, and IC, and a high-quality 
reference IC, such as the AD780BR, for 
generating the 3V reference. You gener- 
ate the —3V reference by applying a fixed 
gain of —1 to the 3V, using an inverting 
circuit similar to that used in Figure 1 for 
deriving the —6V reference. You should 
use 0.1% tolerance resistors where 
shown, and you can optionally include 
R,, to provide 0.11% of additional gain 
to compensate for the finite open-loop 
gain of amplifiers IC, and IC,. You can 
further optimize the dc stability by in- 
cluding R,, and R,,, although the proto- 
type does not use these resistors. In tests, 


without C,, the bandwidth of the circuit 
with a 1V peak-to-peak sinusoidal input 
was 80 MHz when the circuit drove a re- 
sistive 1000. load. The output rise and 
fall times with the same load and a 1V, 
2.5-nsec input step are just 5.5 and 4.8 
nsec, respectively, with no overshoot, as 
measured with a 500-MHz oscilloscope. 
The typical output compliance ranged 
from 1.7V to —2.8V. The maximum 
undistorted output-current swing ex- 
tended from +2.1 to —2.1 mA. 

For optimum frequency response and 
linearity, you should use the circuit to 
drive a virtual-ground load; in other 
words, you should use a high-bandwidth 
op amp configured as an current-to- 
voltage converter. If you use any other 
load, which must have low impedance in 
any case, and it is partly capacitive, you 
may need a small capacitor, C,, across R, 
to optimize the overall transient re- 
sponse of the circuit at the expense of 
some speed. You can also configure the 
circuit to operate as a current-to-current 
converter with an overall gain of 0.1 
mA/m4A by omitting R,, replacing R, and 
R,, with 0Q, and increasing the value of 
R,, to 470 kQ. You can use this configu- 
ration, for example, to scale the outputs 
from commercial current-steering DACs 
that typically have full-scale outputs in 
excess of those that ASIC inputs need. 
Thus, you could test an ASIC with cur- 
rent-driven inputs by using such a circuit 
between each input and each DAC out- 
put. Note that, in this configuration, am- 
plifier IC, is configured as a current-to- 
voltage converter with a gain of 0.1V/mA 
and presents a virtual-ground to the 
DAC outputs, a load that normally en- 
sures optimum linearity performance 
from the DACs. The circuit supports 
both current-sourcing and current-sink- 
ing DACs, because the circuit can source 
as well as sink current. For high-speed 
operation, you may need a small capac- 
itor across R, to cancel the effect of the 
DAC’s output capacitance and any stray 
capacitance. 


Is this the best Design Idea in this 
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Chip recorder customizes phone ringer 


Don Schelle and Ted Salazar, Maxim Integrated Products, Sunnyvale, CA 


OMPANIES USUALLY purchase one 


type of telephone for all 
employees, which is un- 


derstandable, especially if they obtain 
a discount for buying in quantity. One 
ringer sound for everyone can pose a 
problem, though, if the sound of a 
ringing phone makes a dozen people 
pause and look at their telephones. 
Equally annoying is the absence of a vi- 
sual message indicator. Obliging every- 
one who suspects they may have a mes- 
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sage to lift the handset and listen for 
a special message tone is far from ide- 
al. By placing a circuit in series with 
the telephone, you can customize a 
phone ringer without modifying the 
phone (Figure 1). The heart of the 
ringer is a chip-recorder IC, IC,, 
which can play as much as 10 seconds 
of telephone-quality recorded sound. 


The ringer signal of a typical telephone 
exceeds 200V p-p. 
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This circuit plays as much as 10 seconds of recorded sound in place of the ring from a telephone. It also indicates when someone has called. 
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A high-efficiency stepdown converter, 
IC,, allows the circuitry to oper- 
ate from a supply voltage of 5 to 
14V. 

An optocoupler and associated front- 
end circuitry monitor the line, sensing 
when the line receives a high-voltage 
ringer signal (Figure 2). Zener diodes D, 
and D, prevent the on-hook voltage from 
activating the optocoupler. Comparator 
IC, latches LED D, on when a call is re- 
ceived, and a pushbutton switch, S,, 
clears the comparator. The circuit shown 
in Figure 3 records as much as 10 sec- 
onds of sound in the chip recorder’s pro- 
prietary multilevel EEPROM. A switch- 
mode, Class D audio amplifier, IC, 
maintains high efficiency and delivers 
adequate power to an 8Q. speaker; even 
a PC speaker will work. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Using the EEPROM internal to IC, in Figure 1, this circuit records as much as 10 seconds of sound. 


Op amp linearizes attenuator control response 


Mike Irwin, Shawville, PQ, Canada 


ROFESSIONAL-AUDIO equipment 
P commonly uses Analog De- 
vices’ (www.analog.com) 

high-performance, quad-voltage-con- 
trolled SSM2164 attenuator. The control 
response is —30 dB/V, with OV produc- 
ing unity gain. Attenuation increases as 
the applied control voltage increases in 
the positive direction. The circuit in Fig- 
ure 1 extends the range of applications 
for this versatile chip by providing a sim- 
ple means of linearizing the control re- 
sponse. The result is an amplifier with 
gain directly proportional to the control 
voltage. In addition, the circuit also func- 
tions as a simple logarithm generator. 
You can use a single SSM2164 to make 
two high-quality, linear voltage-con- 
trolled amplifiers using this method. The 
four gain cells in the SSM2164 are tight- 
ly matched, current-in, current-out 
transconductance multipliers. The con- 
trol response of each gain cell is: 
gain=10-Y”), The cells are noninvert- 
ing structures. 


90 EDN | Juty 25, 2002 


SSM2164 
MASTER 
GAIN CELL 


Vin O 
GAIN-CONTROL 
VOLTAGE O Vout=—0.67log(—Vin/Veer) 
0 TO 15V 
100 pF 
AUDIO © 
IN 
AUDIO 
F O 
ARNG SSM2164 OUT 
500 SLAVE 
GAIN MAXIMUM 
CELL = 


You can obtain both a gain-controlled output and a logarithmic output using this configuration. 


arithmic voltage output in response to a 
linear voltage input. This log voltage then 
goes to the control pin of the second 


Each voltage-controlled amplifier uses 
two gain cells. A “master” cell in the feed- 
back loop of an op amp generates a log- 
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(matching) “slave” cell, which processes 
the audio signal. Op amp IC, 
maintains its inverting input at 
virtual ground by servo-controlling the 
gain of the master SSM2164 cell, which 
connects to the negative reference volt- 
age. The output of IC, is a logarithmic 
function of the input: Vj ¥.= 
—0.67log[(—V,,.R,)/(VeppR,)]. Vi, is the 
gain-control voltage, and V,,,,, is the neg- 
ative reference voltage. V_,,,, then drives 
the control pin of the slave cell. Substi- 
tuting the expression for V,,,, for V in 
the expression for gain yields the follow- 
ing: gain=(V,,R,)/(VippR,), which is the 
desired linear response. 

Op amp IC, converts the slave cell’s 
output current to an audio voltage with 
a gain of R,/R,. The overall expression for 
the gain is: gain=(V,.R,R,/ (ViepR,R,). 
If R,=R, and R,=R,, the expression re- 
duces to: gain=V,,/V,,,. and gain (in 
decibels) =20log(V,,/V,,,.). Setting V,,, to 
15V and V,,,, to —15V produces unity 


The lower trace is a 0 to 3V triangle wave, 
which you use to modulate the 10-kHz sine 
wave in the upper trace. Note the linear modu- 
lation envelope. 


gain with the indicated component val- 
ues. The gain decreases smoothly to —70 
to —80 dB as the control voltage de- 
creases (Figure 2). The voltage-con- 
trolled amplifier then shuts off com- 
pletely (attenuation=100 dB) when the 
control voltage drops to within a few mil- 
livolts of OV. Negative voltages make the 
output of IC, swing close to the positive 
rail, but IC, promptly comes off the rail 
when the control voltage returns to the 


0 to 15V range. The circuit produces no 
audible clicks and works well at lower 
supply voltages, such as +5V. 

For best performance, IC, should be a 
low-offset, low-input-current unit, and 
IC, should be a high-quality, low-noise 
audio op amp. However, you can obtain 
reasonably good performance with inex- 
pensive op amps, such as the TL072 and 
LF353. The prototype unit achieved a 
control range of 75 to 80 dB, using an 
OP-290 for IC,. The control-voltage 
feedthrough on the audio output is min- 
imal, varying 10 to 20 mV when you 
sweep the gain through a 70-dB range. 
The noise and distortion performance is 
excellent, because the design uses the 
gain cells in the standard configuration 
in the SSM2164 data sheet. 


Is this the best Design Idea in this 
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Where is the wiper? 


Chuck Wojslaw and Dave Gillooly, Catalyst Semiconductor, Sunnyvale, CA 


when using DPPs (digitally 

programmable potentiome- 
ters) with increment/decrement serial in- 
terfaces. Programming the serial interface 
is simple and fast, and you can adjust the 
potentiometer in real-time applications. 
The interface, however, provides no in- 
formation about wiper position, and this 
information is important in some appli- 
cations. If, for example, you use the po- 
tentiometer to control a parameter in a 
closed-loop, real-time application, the 
data reflecting the final wiper settings can 
be valuable in evaluating both the prod- 
uct performance and the circuit design. 
The circuit in Figure 1 keeps a digital 
record of the DPP’s wiper position by us- 
ing two presettable CD4029 up/down 
counters, IC, and IC,. The counters mon- 
itor the control signals INC and U/D of 
the DPP, IC,. 

During power-up, the wiper assumes 
position (00),,, which it takes from pre- 
viously programmed nonvolatile memo- 
ry. Also during power-up, R, and C, dif- 
ferentiate the 5V power supply; this 
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PLD code creates 
PWM generators 


Square-wave modulator has variable 
frequency and pulse width 


Expanded-scale indicator revisited 


Butterworth filter has adjustable 
group delay 


Single transistor sequences 
multiple supplies 
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Two up/down counters keep track of a digitally programmable potentiometer’s wiper position. 


differentiated signal serves to preset the 
binary counters to (0000 0000),. Thus, 
the DPP and the external ICG. coun- 
ters are at the same point after power-up. 
The level-sensitive up/down signal es- 
tablishes the direction of movement of 
the DPP’s wiper and the direction of the 
count. The edge-sensitive INC signal ad- 
vances both the wiper and the counter. 
The INC pin of the DPP responds to neg- 
ative-edge triggering, and the clock input 
of the counter responds to positive-edge 
triggering. If the signal driving the INC 
line is a pulse (a common occurrence), 
the two inputs are compatible. 

The Q outputs of the counters (DBO 
to DB7) indicate in binary notation the 
location of the wiper. You can use the 
same circuit, using two counters, for 


DPPs having as many as 256 taps. The 
DPP does not “wrap around” when the 
wiper advances to its upper or lower lim- 
it. The counters, however, do wrap 
around. To identify the case in which the 
digital counter is not in synch with the 
DPP, you can use the MSBs of the coun- 
ters as flags. DB7 can serve as a flag for 
the 32-tap CAT5114 and the 100-tap 
CAT5113. You can change the initial 
count during power-up to something 
other than zero by preprogramming the 
DPP and setting high and low levels on 
the JAM inputs of the digital counters to 
the desired value. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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PLD code creates PWM generators 


Clive Bolton, Bolton Engineering Inc, Melrose, MA 


device) code in Listing 1 creates 

arbitrary-resolution, pulse-width- 
modulated (PWM) generators. PWM 
generators are useful as low-bandwidth 
D/A converters in hardware of micro- 
processor-based systems. When you pass 
it through a simple RC lowpass filter, a 
PWM waveform becomes a voltage that’s 
approximately equal to the PWM duty 
cycle times the supply voltage. In practi- 
cal systems, the driving hardware is im- 
perfect, so the minimum value is never 
zero, and the maximum value never 
equals the positive-voltage rail. 

The software module in Listing 1 au- 
tomatically generates the required hard- 
ware from two compile-time parameters: 
PWM_WIDTH and AVALUE. PWM_ 
WIDTH sets the number of possible 
steps in the PWM comparison. For ex- 
ample, 6 bits yields 2°, or 64, steps. 
AVALUE sets the value at which the 
PWM initializes upon power-up or reset 
(set to one-half scale in the example in 
Listing 1). 

The module has two major sections: a 
holding register, which stores the PWM 
value, and a counter, which generates the 
PWM waveform. You can update the 
holding register independently of the 
PWM counter. The holding register’s val- 
ue automatically strobes into the PWM 
counter when the counter overflows. The 
module takes the CLOCK, ACLR, EN- 
ABLE, WRITE, and DATA[PWM_ 
WIDTH-1..0] inputs. CLOCK is the 
master system clock; all signals other 
than ACLR must be synchronous with 
the clock’s rising edge. ACLR initializes 
the hardware to the power-up state and 
loads AVALUE into the holding register. 
When ENABLE=0, the PWM output be- 
comes 0 (off); when ENABLE=1, the 
PWM generator produces the PWM 
waveform at the Q output. Asserting 
WRITE for one clock cycle strobes the 
data presented on DATA[PWM_ 
WIDTH-1..0] into the holding register. 
The PLD code uses Altera’s (www. 
altera.com) AHDL high-level design lan- 
guage; you can directly compile the code 


T: PLD  (programmable-logic- 


108 Epn | AucusrT 8, 2002 


LISTING 1-AHDL CODE FOR PWM GENERATOR 


INCLUDE “LPM COUNTER. INC’; 
TRCUUDE "LPM COMPARE.INC*; 
IMCIADS "LPM FP. TROT, 


PARAMETERS 

( 
PreK WIDTH = 46, -- Bits (set to 6 for testing) 
AVALUB = B°100000" -- Async reeset valve 

Me 


SUBDESIGN pww 
( 

clock : INPUT; 

acir ‘ INPUT) 

enable ' IMPUT = VOC, -+ =eron 
PREM cutput 

write ' IMPOT? -- writes into 
holding register 


data (PM WIDTH-1..0) ‘ INPUT, 
a ' OUTPUT; 


-- period pulae 3 OurruT; -~ for debug end ext 
sync 
-* cout . OUTFUT, 


VARIABLE 
| cata . LPM_COUNTER MITH (LPM WIDTH « 
Pwe_ WIDTH, 
LPM DIRECTION 
= *DOWNW"): 
entr ‘ LPM COUNTER WITH (LPM WIDTH «= PEM WIDTH, 
LeM_DIRECTIONW 
= "DOWN"; 
pwe_et ' onrr, 
pee_reo 5 LOM_FP WITH (LPM_WIDTH ~ PW WIDTH, 
LP AVALUE = AVALUE): 
pee preset ‘ MODE: 
period pulses e NODE; «-- for debug and ext sync 
cout ' NODE; 


BEGIN 


ASSERT 
REPORT *PEM_WIDTH: &° PWH_WrDTH 
SEVERITY INFO: 


% PWM Bolding Register 
pwe_reg.clock = clock: 
pee_reg.aset ~ acir; 
pwe_reg.ensble « write; 
pwm_reg.data[] = datally 


* Pw Counter % 

ecatr.clock = clock; 

cntr.ecir - aclr; 

Cnatr.cnt_em « snable; 

period pulee - DFFicnts.cout, clock, taclr, VOC); 


* PWN Counter % 

Pye.clock « clookr 
pem.acir - acle: 

pwn. sload * ¢str.cout; 
pwn. detal] © pwee_reg.gili 
pYye.cnt_em «= enable; 
cout «= pwm.cout; 


% PHN Outpet P/F * 
pem_ff.clk + clock; 
pwm_ff.clen = tacir) 
pen_ft.« = cout AND period pulse: * turn FF om at begining of 
interval 
pem_ ff. * cout Of tenable; -- turn off at carry overflow. 
pee _precut + pum ff.q) 


a ~ Drrienable AND pen _preoet, 
clock, taclr, VOC): 
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into any of Altera’s PLDs. Using an 
EP1K10TC100-3 PLD, a design with pa- 
rameters set to the default values in List- 
ing 1 operates as fast as 139 MHz. Al- 
though we wrote the code for Altera’s 


devices, you can readily translate the de- 
sign structure and flow into VHDL or 
Verilog. You can download Listing 1 
from the Web version of this Design Idea 
at www.edn.com. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Square-wave modulator has 


variable frequency and pulse width 


Michael Fisch, Agere Systems, Longmont, CO 


drive company. We had a plating fa- 

cility that required square waves to 
drive the high-voltage plating operation. 
The challenge was that the square wave’s 
pulse width had to be variable, along with 
the duty cycle. Also, the amplitude of the 
pulses had to be adjustable. The circuit in 
Figure 1 satisfies all these criteria. The 
circuit delivers a unipolar (adjustable 
from 0 to 12V) pulse with adjustable fre- 


Ae: YEARS AGO, I worked at a disk- 


ICia 
A 74LS123 


OTO 12V DC 
AMPLITUDE CONTROL 


quency and pulse width. The first half of 
a dual, retriggerable monostable multivi- 
brator, IC,,, generates the frequency of 
the pulse train. The 100-kO. potentiome- 
ter, R,, along with R, and C,, sets the ad- 
justable frequency. R,, R,, and C, set the 
adjustable pulse width in the second sec- 
tion of the multivibrator, IC, ,. The ac- 
coupled op amp, IC,,, running open- 
loop, delivers a +12V pulse output. D, 
and D, clamp the negative-going excur- 


R 
Stk PULSE-WIDTH 


ADJUST 


This variable-frequency circuit allows amplitude modulation of its pulse-train output. 
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sions of the pulse train to ground. The 
other half of the op amp, IC,,, serves as a 
level shifter that allows amplitude control 
over the range 0 to 12V. You can modu- 
late the amplitude at low frequency by 
varying the amplitude-control voltage. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Expanded-scale indicator revisited 


Abel Raynus, Armatron International Inc, Melrose, MA 


ous Design Idea describes allows only 

the expansion of the upper 
end of the scale (Reference 1). But 
what can you do if, according to your 
project requirements, you need to expand 
the middle region of the scale? Figure la 
illustrates the challenge. A voltmeter 
comprises a 100-A dc meter and a series 
resistor. The voltage under test, V_...5 
ranges from 0 to 5V. The voltage changes 
between 2 and 3V (the “green zone”) are 
of interest. But at the same time, you can- 
not ignore the voltages from 0 to 2V and 
from 3 to 5V, and you need to be able to 
observe these voltages. With a linear scale, 
the green zone consumes only 20% of the 
full-scale range. Your objective is to ex- 
pand this zone to 80%, leaving 10% at the 
lower end and 10% at the upper end of 
the scale (Figure 1b). The circuit in Fig- 
ure 2 solves the problem. The window 
comparator, IC,, controls the variable 
impedance of the voltmeter. Analog 
switches S, and S, provide a contact-log- 
ic AND function and put resistor R, in 
parallel with R, only upon closure of both 
switches. This closure occurs when V.,.<, 
is between the threshold voltages V.,, and 
V,,, (Figure 3). You can calculate the re- 


T« VISUALIZATION AID that a previ- 


(a) 


(b) 


In a, the 2 to 3V “green zone” occupies only 20% of the scale; in b, this zone expands to 80%. 


90 4 
80 | 
5V SCALE 70 
i DIVISIONS 60 Ril|RoJ | | 
Jee = (yA) 50 
i 40 | | 
gies 30 
Sz | 20 Ri | | 
eal 10 ae, ee ee mans tas 
ICo ; 
CD4066 1 2 3 4 5 TEST 


A window comparator and two analog switches collaborate to expand 


the green zone in Figure 1. 
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sistor values as follows: —  RgtR; 
Toy, ay VOCS 
2V R,+R,+R 
R,=——=200kQ; ae 
ae In this case, V_.=5V,V,, =2V, V,,,=3V3 
3-2V =R= = 
| = =12.5k0; hence, R,=R,=200 kQ, and R,=100kQ. 
90-10 pA 
REFERENCE 
R= silks RyIRo = itelee 13.3kQ. 1. Raynus, Abel, “Indicator features 
R,-R,|R, 200-12.5 expanded scale” EDN, Feb 21, 2002, pg 
86. 
You can calculate resistors R,, R,, and 
R, from the equations for the threshold 
voltages: 
% R, y Is this the best Design Idea in this 
an: : : 3 
Tl RoR cc issue? Select at www.edn.com. 
Vor 
I 
$1 IS ACTIVATED | 
R Vn Vrest 
10k Voz 


Se IS ACTIVATED 


Within the thresholds of the window comparator, R, connects in parallel with 
R, to expand the scale of the voltmeter. 
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Butterworth filter has adjustable group delay 


William Stutz, Maxim Integrated Products, Sunnyvale, CA 


HE SALLEN-KEY REALIZATION of a 
| Beer three-pole But- 


terworth filter has a gain of 


2V/V and can drive 750 back-terminat- 
ed coax with an overall gain of 1 (Figure 
1). Used to reconstruct component-video 
(Y, Pb, Pr) and RGB signals, this filter has 
an insertion loss greater than 20 db at 
13.5 MHz and greater than 40 db at 27 
MHz (Figure 2). Like the antialiasing fil- 
ter before an ADC, this filter removes the 
higher frequency replicas of a signal fol- 
lowing a DAC. To preserve quality in the 
video waveform, you should minimize 
group-delay variations in the filter and 
any group-delay differential between fil- 
ters. That requirement mandates a means 
for adjusting the filter’s group delay with- 
out affecting its bandwidth. In Figure 1, 
the addition of R, in series with C, and R, 
creates a lag-lead network. 

Keeping the sum of R, andR, constant 
and equal to the original R, value pre- 
serves bandwidth by preserving 
the dominant-pole frequency. In- 
creasing the R, value, on the other hand, 
introduces a “lead” term that lowers 
group delay by reducing the rate of 
change in phase. For R,=0Q and 
R,=332Q in the circuit shown, the aver- 
age group-delay variation over the filter 
bandwidth is about 25 nsec. Raising R, to 
31.60, and lowering R, to 3010 decreas- 
es the variation to approximately 15 nsec, 
and setting R,=590 with R,=2740 
decreases it to approximately 7 nsec. The 
last case has a less-than 0.5-dB effect 
on band-edge selectivity but does not 
change the filter’s 3-dB bandwidth (Fig- 
ure 3). 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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NOTES: ie} 

1. R3 IS THE 750 LOAD. REMOVE R3 IF YOU USE AN EXTERNAL LOAD. ek ibn eae 
2. ALL RESISTORS ARE 1%. Wok tare 
3. ALL CAPACITORS ARE 2%. ll Poa 
4. Ro IS FOR GROUP-DELAY ADJUSTMENT. I cb 


This three-pole Butterworth video-reconstruction filter has adjustable group delay. 


0) 
dB _20 
-40 

3] 6} 1} 3] 6/1] 3] 6/1} 3] ef 1] 3} 61 61] 3 

100 Hz 0 kHz MHz 100 MHz 


The typical filter response for the circuit of Figure 1 is R, +R,=3320.. 
A 


80 R)=3320, R2=00 


70 R,=3010, Ro=31.60 


GROUP 60 
DELAY 
(nSEC) 
40 


R1=2740, Ro=590 


FREQUENCY (MHz) 


Selected values of R, and R, allow control of group-delay variation over the filter's passband. 
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Single transistor sequences multiple supplies 


David Chen, Linear Technology Corp, Milpitas, CA 


ANY DSP cuHIps, microprocessors, 

FPGAs, and ASICs require multi- 

ple power supplies that must de- 
liver different voltages in a specific start- 
up sequence. Out-of-sequence voltages 
can cause excessive input current, logic 
errors, or even device failure. To sequence 
different supplies, a common 
approach is to regulate a low- 
er voltage from a higher voltage using a 
linear regulator. Another approach is to 
use a series of Schottky diodes. Although 
simple in concept, these approaches can 
be expensive and difficult to implement 
in applications that require more than 
two power supplies. Figure 1 shows a 


| Figurer | 


only one pnp transistor to provide the 
necessary logic. Figure 2 shows a dual 
power supply that uses the described cir- 
cuitry to sequence the outputs. 


Vout1 


When V 9,57, 18 low, Vocungp> the voltage 
INTY, 
Vout1 % 
R3 
Q, 
Ra 


Ro 


VoseNse2 


A simple one-transistor circuit synchronizes 


INTVoc 


Vosense2 
VoseNse3 


Vosensea 


VoSENSEN 


You can obtain multiple-output sequencing by 


simple, low-cost approach that requires | two outputs. adding ORing diodes. 
Vosnsi-B 
S1- SENSE1— 
t 0 
Sl+ 1000 pF SENSE1+ 
0 
OVin 
22 pF 
INTVcc r 6 eal 
O — 
oer FDS8936A 
1% Vouri 
5V 
6.4 wH 4A 
© TP2 
0.1 pF 
swl 0.01 150 pF 
L7C1628 76.3. 
f + 10 pF 
RUN/SS1 VIN FDS8936A 2918 MBRM140 6.3V 
SENSE1+ FLTCPL 2 > 
SENSE1— TGl BG1 GND 
VOSNS1 sW1 T CO TP3 
FREQSET  BOOST1 "e cmosit3 a 
STBYMD BG1 EXTV co 
FCB EXTVCC 
THI INTVCC On 
SGND we 
TG2 2 > 
3.3VOUT FDS8936A 
TH2 
VOSNS2 6.4 pH ies 
SENSE2— aaa 
SENSE2+ — RUN/SS2 0.01 180 pF 4A 
Sl yvn~ 
q + = tL 10 uF 
x 6.3V 
MBRM140 
FDS8936A END 
OTP6 


SENSE2+ 


X5 
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SENSE2— 
VW Vv, 
(6) OSNS2-B 
© INTVcc 
4.7 pF 
SIGNAL POWER Tar 10V 
GROUND GROUND 


This dual-output supply uses the simple circuit in Figure 1. 
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feedback for Vo,,, goes high, and the mally. When V,,,,, goes from high tolow, Q, (Figure 3). The design uses an 
second supply, V,,,,» shuts off (Figure3).  Vocenop. goes high and shuts off V,,,,.. ETC1628 dual-output controller. You can 
When V,,,,,, approaches its nominal lev- More specifically,R, and R,settheclamp- see the sequenced-output waveforms in 


el, Q, turns off. Q, then relinquishes con- ing voltage for the V, pin when _ Figures 4a (at turn-on) and 4b (at turn- 


OSENSE2 
trol of Vocensp» and Voy, resumes its nor- Vou is low, and R, and R, determine the off). 
mal start-up process. The process is V,,,,, voltage level at which Q, turns off. 


similar for power-down sequencing. In cases of multiple supplies, you need Is this the best Design Idea in this 


When V,,,,, is high, V,,,,, operates nor- only add ORing diodes at the collector of issue? Select at www.edn.com. 
Tek AIM Single Seq 50 OkS/s 
Figure 4 

Vourt 

Vosense2 

Vourz 

(a) a ee (b) 

These supply-voltage waveforms occur at turn-on (a) and turn-off (b). 
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GIC resonator has inherent amplitude control 


Lutz von Wangenheim, University of Applied Sciences, Bremen, Germany 


classic GIC (generalized impedance 

converter). The sine-wave-oscillator 
circuit has inherent amplitude 
stabilization and normally op- 
erates from dual power supplies. How- 
ever, if you connect an additional resis- 
tor, Ry to V.,, you can operate the cir- 
cuit with one supply (with V,,.=0V). You 
can adjust the oscillation frequency by 
varying R,. R.oyp ensures oscillation and 
does not affect the oscillation frequency. 
The remaining passive components are 
four equal-value resistors, R, and two ca- 
pacitors, kC and C/k, where k is a scaling 
factor. This modification of the classic 
GIC structure incorporates an addition- 
al resistor, R,, between both inverting op- 
amp inputs. The GIC topology has excel- 
lent high-frequency properties and thus 
finds extensive use in active-filter circuits. 
The GIC structure can simulate a 
grounded inductance or a grounded 
FDNR (frequency-dependent negative 
resistance). 

You can explain the function of the cir- 
cuit by starting with the GIC input im- 
pedance at either Port 1 or Port 2. A 
straightforward analysis of the circuit 
yields the input impedance at Port 1: 


T: CIRCUIT IN Figure 1 is based on a 


GIC resonator has 
inherent amplitude control. 


Three parts provide tenfold increase 
1 SWIECED CUPTONssessesessenessnsesieneetnsesinee 90 


IC maintains uniform bias 
for GaAs MESFETs. 


Add gain to an absolute-value 
amplifier 


Use a PIC for automatic 
baud-rate detection 


Design low-duty-cycle timer circuits 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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SINGLE SUPPLY Voc 
TO Voc 
O 


VouT1 O 


Zina 


2.5k 
(5k FOR 
SINGLE 
SUPPLY) 


Ri 


PORT 2 
O 


C/k 


0.95k2 Reomp 


O Voutz 


A GIC-based resonator provides inherent amplitude control and low distortion. 


Z 1 1 Ry Rcomp 
IN1 QA? e . 
@CR j@kC\| R R 


Note that, for R.4\,»=R,, the expres- 
sion for Z,,, represents the input imped- 
ance of an ideal FDNR. The FDNR, to- 
gether with an ohmic shunt resistance 
from Port 1 to ground, forms a tuned cir- 
cuit with the inherent capability to oscil- 
late. In reality, however, the oscillation 
would die out because of parasitics aris- 
ing from lossy capacitors and imperfect 
amplifiers. The circuit in Figure 1 com- 
pensates for these losses by using the sec- 
ond portion of Z,,,, representing a nega- 
tive capacitance for R.o,,.<R,. In 
practice, you should choose R,=R anda 
resistor ratio, R.,.\,>/R, close to unity (for 
example, R..o,,p/R=0.95 to 0.98). If you 
perform the analysis at Port 2 of the cir- 
cuit, the input impedance, Z,.,, repre- 
sents an ideal inductance in series with a 
negative resistor. Shunting this imped- 
ance with a capacitor-resistor branch 
(C/kand R,,),p in Figure 1) creates a loss- 
less LC tank circuit. This tank circuit can 
oscillate if you satisfy the condition 
Roomp <2 The circuit starts reliably and 
oscillates at the following frequency: 


1 
_—— 
° 2nC,/RR, 


For the circuit values in Figure 1, IC, 
saturates, providing a clipped sinusoidal 
signal at Vo...5- Voy, 18 a filtered version 
of that signal. Thus, no extra circuitry is 
necessary for amplitude stabilization. 
However, the quality of the sinusoidal 
signal at V.,,,,, depends on the Q factor of 
the resonator circuit, as the following 
equation states: 


ke ./RRo 


Ry~Rcomp 


For the values shown, a quality factor 
Q>100 results with a capacitance scaling 
factor k=4, C=100 nF, and (R.- 
Reomp) = 900. Voy, provides a signal 
with a total harmonic distortion lower 
than 1% at f,=1 kHz. The peak-to-peak 
amplitude of the sinusoidal signal is ap- 
proximately 1V lower than the total sup- 
ply-voltage span. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Three parts provide tenfold increase 
in switcher current 


Wayne Rewinkel, National Semiconductor, Sunnyvale, CA 


derive their power from widely vary- 

ing sources that can exceed the 40V 
maximum rating of popular switching 
ICs. This Design Idea presents a simple, 
flexible, and inexpensive buck switcher 
that converts an input voltage as high as 
60V to 5V at several amps. The circuit is 
unique in that it boosts current with al- 
most no compromise in performance, 
size, or cost. It should be of interest to 
anyone who has ever searched for a sim- 
ple step-down switcher with an output 
current or input voltage exceeding that of 
off-the-shelf devices. Such a search usu- 
ally entails a far more complex and cost- 
ly solution than the one this Design Idea 
presents. National Semiconductor’s 
(www.national.com) LM2594HV and 
LM2597HV both feature 60V maximum 
input, 150-kHz operation, 0.7A peak out- 
put, and on/off capability. The 2597 adds 
soft start, delay, a power-good flag, and a 
pin you can use to bootstrap most of its 
bias current from V,,,, Although both 
devices are single-chip switchers, you can 
also use them as driver-controllers with 
only slight modifications to their stan- 
dard buck-regulator circuit configura- 
tions. Figure 1 shows the 2597HVM ina 
typical 5V, 0.5A configuration that uses 
all the IC’s features. Figure 2 shows the 
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This classic buck-regulator circuit efficiently steps down voltage. 


higher current configuration with only 
three additional components to boost 
output current to more than 6A. 

As a bonus, the circuit in Figure 2 also 
provides overcurrent and short-circuit 
protection for Q,. The rugged self-pro- 
tection features of the IC also apply to Q,, 
provided that the transistor has sufficient 
heat sinking; L, stays out of saturation if 
you select R, properly. If the peak current 
in R, produces a voltage drop large 
enough to cause Q, to saturate, then the 
IC experiences an overcurrent condition, 
causing its internal protection modes ei- 
ther to disable the switch for the remain- 
der of the pulse period or to skip pulses. 
Q, needs to be a fast switch to minimize 
switching losses. The transistor also 
needs to have minimal storage time to 
avoid pulse skipping at low duty cycles. 
Table 1 shows circuit performance at its 
maximum input voltage, 60V, under a va- 
riety of output conditions. The table also 
includes component values and ratings 
necessary to select sources for L,, C,, and 
C.. 

Efficiency for test conditions of 
Vi y=60V and I,,,,=2 to 6A measures 
77% for V 5,,=5V and rises to 87% for 
Vour= 12V. Efficiency is highest for the 
Vw range of 30 to 40V, where its peak is 
2% higher than the values in Table 1. 


Power dissipation is almost evenly divid- 
ed among L,, D,, and Q,, so you should 
space these components to avoid hot 
spots and provide heat-sinking for as 
much as 3W each at maximum current 
and voltage. A good layout should in- 
clude lots of ground plane and short, 
wide traces on high-current paths. Out- 
put voltages other than 3.3, 5, and 12V 
are also available by substituting the ad- 
justable version of the 2597. This IC re- 
quires an added resistor pair from V,,,, 
to the FB pin to ground. Calculate resis- 
tor-divider values to set the FB pin at 
1.23V for the desired output voltage. Al- 
though this design example uses the 
LM2597HVM-5.0, you can easily apply 
this current-boost technique using only 
three additional parts to any of Nation- 
al’s second-generation buck devices, ef- 
fectively extending their output-current 
capability more than tenfold. You need 
not use HV devices for applications with 
a maximum input voltage lower than 
40V. The following seven steps provide a 
simplified procedure to select compo- 
nent values for a wide range of operat- 
ing conditions, including those that Table 
1 lists: 

1. Choose R, to drop 1.5V at the in- 
ductor’s peak operating current of 
our + 20%. A higher current peak can 


Ri D44H8 Li 


Vin VewitcH 


You can increase output current more than tenfold with the addition 
of only three components. 
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TABLE 1— 


wm Ba 
L,ESR L,LSAT C, 


Efficiency Vy Vor lor R, R, R, Q, ~~ OD, E.- 4, C,ESR C,RMS C, C,ESR C,RMS 
(%) (Vv) (V) (A) (©) (W) (OQ) D4448 (VatA) (uA) =O) (A) (pF) (Q) (A) (BF) = (Q) (A) 
71 60 5 1 1 0.06 4.7 D4448_ 60/1 68 0.13 1.2 100 0.22 0.5 100 0.22 0.12 
78 60 5 2 #O5 015 4.7 D4448 60/3 47 0.086 2.4 220 0.11 1 220 0.11 0.2 
71 60 5 4 0.33 0.5 4.7 D4448 60/6 34=68X2 0.065 4.8 470 0.065 1.8 470 0.065 0.3 
71 60 5 6 0.22 0.7 4.7 D4448 60/6 20=10X2 0.056 7.2 680 0.047 2 680 0.047 0.6 
85 60 12 1 1 0.16 4.7 D4448_ 60/1 150 0.25 1.2 100 0.22 0.6 100 0.22 0.11 
86 60 12 2 05 042 4.7 D4448 60/3 94=47X2 0.17 2.4 220 0.11 1 220 0.11 0.2 
87 60 12 4 0.33 15 4.7 D4448 60/6 DMT2-79 0.07 4.8 470 0.065 17 470 0.065 0.25 
88 60 12 6 0.22 2 4.7 D4448 60/6 DMT2-47 0.04 72 680 0.047 2.4 680 0.047 0.4 


force Q, to saturate, causing the IC to de- 
liver base current in excess of 0.7A to Q.. 
This action triggers the IC’s pulse-by- 
pulse current limit and protects the IC, 
Q,, and the load from further excessive 


4. Choose D, to be a Schottky diode 
rated for the maximum values of V,,, and 
Iour D, dissipates much of the total pow- 
er loss when V,,.>>V p80 look for a 
diode rated at less than 0.5V forward 


quirements. Ripple-current rating de- 
pends on several variables, but a conser- 
vative choice is half the maximum out- 
put current for C, and one-fourth the 
maximum output current for C,. High 


current. An output short circuit causes drop. ripple-current capability may require 
the IC to reduce its clock frequency, pro- 5. Choose L,=47 wH/v/I,,,, for paralleling several capacitors for C,. Se- 
tecting D, and L, from high continuous V,,,,,=3.3V, 68 WH /V/1,,,, for Vo,=5V lect C, to have ESR less than 0.10 /I,,,, 


peak current. The power dissipated in R,, 
which can be a significant part of the to- 
tal loss, subtracts from the dissipation in 
Q) allowing for a smaller heat-sink re- 
quirement. This dissipation is: 

Riou) Iour) (Vous! Vin) ‘ 

2. Choose R, to be small enough to 
quickly turn off Q, but not so small that 
it diverts much needed drive current 
away from Q, and causes early current 
limit. A value of 4.7 (the value that 
Table 1 uses) is a good trade-off value for 
most applications. 

3. Choose Q, to be a fast switch with 
V_, rating greater than 60V and I, rat- 
ing of two times the desired current peak. 
This ratio generally provides a high beta 
over the working-current range. The 
D44H8 works well to more than 6A out- 
put in a TO-220 package and more than 
2A in an SOT-223 package. 


and 150 pH/V/1,,,, for Vo,=12V. 
Choose the nearest L, value with a satu- 
ration and working current rating greater 
than I... Coilcraft’s (www.coilcraft. 
com) SMT DO5022 family works well for 
output current to 1 or 2A, but you need 
larger cores for currents greater than 3A. 
You can tie these SMT inductors in se- 
ries or in parallel to extend their use to 3 
to 4A. They’re also available in stacked- 
core versions for higher current use. 
Through-hole inductors, such as Coil- 
craft’s DMT2-xx family, are physically 
larger but provide lower losses, especial- 
ly for output current greater than 5A. 

6. Choose C, for ripple-current rating 
and C, for low ESR. A minimum capaci- 
tance value for C, =C,/102=100 wFXI,,,, 
works well at low current, but, as current 
rises to several amps, you need larger val- 
ues to meet ESR and ripple-current re- 


to keep the V_,,,, peak-to-peak ripple less 
than 50 mV. Choose capacitors by look- 
ing at those targeting high-temperature 
use in switching power supplies with 
published ESR and ripple current ratings. 
Then, select a voltage rating higher by at 
least 50% than the expected operating 
voltage. 

7.R,, C,. and C,, are optional. You can 
leave these pins open if you don’t intend 
to use them. You can shut off the circuit 
by pulling Pin 5 low and then turn it on 
again with soft-start by allowing Pin 5 to 
float high. Refer to the 2597 data-sheet 
graphs for C,, and C,, values necessary to 
set the desired soft-start and power-good 
flag delay times. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


IC maintains uniform bias for GaAs MESFETs 


Ken Yang, Maxim Integrated Products, Sunnyvale, CA 


age for GaAs MESFETs (gallium-ar- 

senide metal-semiconductor field-ef- 
fect transistors) varies considerably from 
part to part, even within a given lot. That 
behavior makes biasing difficult, espe- 
cially if you want to design the device into 
a high-volume product. To overcome this 


T« GATE-TURN-ON THRESHOLD volt- 
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drawback, you can introduce a current 
sensor that monitors the bias current and 
provides feedback to the gate input (Fig- 
ure 1).IC, combines a current sensor and 
an error amplifier. Intended as a power- 
control IC for power amplifiers, it senses 
the drain-source current, I,,, at the 
source; compares and integrates the dif- 


ference between voltage drops across 
Royse and R,,; and feeds back an output 
voltage to the MESFET gate. The feedback 
adjusts I, until the two voltage drops are 
equal, thereby achieving uniform source 
current, regardless of the MESFET’s gate- 
threshold characteristics. The expression 


for drain-source current is: 


www.edn.com 
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Vec * Rai 


Ips= ‘ 
P40 Ro3 © Rsense 

Current through R,, depends on a 
voltage, V,,., with respect to the negative 
supply, V.,. applied to the power-control 
input at Pin 4. You can implement V,,. 
with a voltage divider, a reference, or a 
variable-voltage source. Because the gate 
voltage is negative with respect to the 
source, you must modify IC,’s supply 
voltage to ensure a negative gate drive for 
the MESFET: Connect the V_, pin to 
ground and the ground pin to V,,,. You 
can easily modify this uniform-bias cir- 
cuit for biasing bipolar transistors and 
MOSFETs, as well. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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A smart-bias IC ensures uniform bias for GaAs FETS in high-volume products. 


Add gain to an absolute-value amplifier 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


basic building block in test-and- 

measurement and signal-processing 
applications. The addition of a DPP (dig- 
itally programmable potentiometer) adds 
another dimension, G (gain), to this key 
circuit. Because the gain is programma- 
ble, you can use the circuit as an absolute- 
value amplifier (G>1) or an absolute-val- 
ue attenuator (G<1). The single-supply 


T= ABSOLUTE-VALUE AMPLIFIER Is a 


circuit in Figure 1 comprises IC, which 
is an inverting amplifier for positive-po- 
larity signals only, and IC,, the summing 
amplifier. For the summing amplifier, R, 
represents a programmable, variable re- 
sistance. This resistance is modeled as 
pR,=p(10 kQ), where p varies from 0 to 
1/99 to 99/99 and represents the relative 
wiper setting from one end of the poten- 
tiometer (0) to the other end (1). For in- 


Attenuate or amplify with this variable-gain absolute-value circuit. 
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put voltages above the reference, for ex- 
ample, V.>2.5V and for voltages below 
the reference, V.<2.5V, V,,,.=2.5V+ 
|p5V,|=2.5V+|GV,]. 

The potentiometer, a Catalyst 5113, 
has 100 taps and an increment/decre- 
ment interface. For this DPP, the circuit 
gain varies from 5/99 to 5. The measured 
accuracy of the circuit is approximately 
1% for moderate values of gain (0.5 to 4) 
and for a characterized end-to-end re- 
sistance, R,,,. During power-up, the 
wiper goes to its stored value in non- 
volatile memory. This stored value es- 
tablishes the default value of the gain af- 
ter power-up. The basic idea for this 
absolute-value circuit came from Refer- 
ence 1. 


REFERENCE 

1. Cipri, Teno, “Absolute-value com- 
parator touts accuracy, size,” EDN, March 
7, 2002, pg 124. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Use a PIC for automatic baud-rate detection 


Ross Fosler, Microchip Technology, Chandler, AZ 


desirable in many applications. Mi- 

crochip’s (www.microchip.com) 
standard USART module that the com- 
pany embeds in most of its PIC 
microcontrollers lends itself to a 
simple and easily implemented automat- 
ic baud-detection scheme. The PIC- 
18FXX2 data sheet defines the following 
baud rate in bits per second: 


A UTOMATIC BAUD-RATE DETECTION IS 


ao Fone. “(i 
16(X+1)’ 


= Fosc = 


16xB 


where X is the value for the baud-rate 
generator and F,,... is the input clock fre- 
quency. 

Figure 1 represents a general-case sig- 
nal typically seen on the RX pin of a PIC 
microcontroller. The time, p, is the num- 
ber of instruction cycles from the end of 
the start bit to the beginning of the stop 
bit. This definition allows you to relate 
baud rate, B, to the total time it takes for 
the RX pin on the microcontroller to see 
eight bits of data. Eight is a convenient 
figure for a binary machine. Basically, 


iS S Fone. j ya 2 Fase. (2) 
B 4 P 
The term (F,../4) is the instruction 


rate of a PIC microcontroller. The term 
8/B is the eight bit-times that the RX pin 
sees. Relating the two baud-rate equa- 
tions, 


B= 2fosc _ Fosc »x=P-1, (3) 
p 16 (X +1) 32 


The simplified result leads to a simple 
equation that you can easily implement 
on a PIC microcontroller. Count the to- 
tal numbers of instruction cycles for eight 
bit-times. Divide the result by 32. (In oth- 
er words, shift the count right five times.) 
Adda rounding bit. Then, decrement the 
value by one. Finally, load the SPBRG reg- 
ister with the result to synchronize the 
PIC microcontroller to the incoming 
baud rate. It is important to select the 
right control signal so that the micro- 
controller samples the correct number of 
bits. For this implementation, the signal 
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Y\ KX OX 2XOOOCY Xe 
| 


p——__-+| 


This bit stream is a general-case 
signal typically appearing on the 
RX pin of a PIC microcontroller. 


in Figure 2 is an ideal control signal. You 
take measurements from the rising edge, 
and the pulse is symmetric. Figure 3 
shows the simplified program flow for 
the baud-rate detection. 

It is useful to know the valid frequen- 
cy range for a baud rate, SPBRG value, 
and tolerable error. The following equa- 
tion defines error as follows: 


B(B,)= "5 a (4) 
B 
where B is the desired baud rate and B,. 
is the calculated or actual baud rate. Sub- 
stituting Equation 1 for B,, and using al- 
gebra leads to the following result: 


Fosc = (E+1)(X+1)(16)(B). (5) 


E is the error used to determine the 
maximum and minimum frequencies for 
a chosen baud rate and SP- 
BRG value. For example, a 
good value for E would be 
62%. Evaluating 
Equation 5 for 
the high and low limits of 
error E yields a valid oscil- 
lator operating range. For 
most SPBRG values, com- 
mon baud rates, and the 
most common clock fre- 
quencies, operating ranges 
overlap each other from 
one SPBRG to the next. 
Thus, the automatic baud- 
detection scheme synchro- 
nizes with the source for 
most of the common con- 
ditions. However, some er- 
rors and clock frequencies 
never have a valid SPBRG 


STOP TIMER 


(TIMER/32)—-1 


LOAD SPBRG 


FINISHED 


|} _—— >| 


For the baud-rate-detection 
scheme, this waveform repre- 
sents an ideal control signal. 


for an SPBRG value with the minimum 
frequency of the next SPBRG. The value 
at which they’re equal is the border be- 
tween continuous and discontinuous op- 
eration for any given input frequency. 
The following two equations express this 
equality and the continuity barrier: 


(Ey + 1)(X)(B)16) = (6) 
(E, +1) (X +1)(16)(B). 
Xtow = Gy +) (7) 


(Ey + )—-(E; +1) 


Thus, for any given frequency and a de- 
fined error, the automatic baud-detection 
scheme always generates a good SPBRG 
value if it is above X,..,. Of course, you 
must select the frequency and baud rate 
such that SPBRG is less 
than or equal to 255, the 
largest value that SPBRG 
supports. For example, for 
a 2% error, the lowest SP- 
BRG value before certain 
clock frequencies become 
a problem is 25. A boot- 
loader is an excellent ex- 
ample of an application 
for this baud-rate-detec- 
tion scheme. The simple 
WES implementation uses min- 
imal resources. It synchro- 
nizes to a baud rate with- 
in one transmitted byte, 
and you can most likely 
successfully synchronize it 
to any standard baud rate, 
especially 9600 bps. 


(X) value. 

To approach this prob- 
lem, you must compare 
the maximum frequency 


This program-flow diagram 
illustrates the principles of 
the baud-rate-detection tech- 
nique. 


Is this the best Design 
Idea in this issue? Select at 
www.edn.com. 
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Design low-duty-cycle timer circuits 


Phil Rogers, Texas Instruments Inc, Rockwall, TX 


the industry-standard 555 timer is 

a straightforward process when 
duty cycles are 50% or greater. However, 
you must overcome the many pitfalls of 
low-duty-cycle circuits to arrive at a de- 
sired result. Using only ideal components 
eases the design, but the components 
themselves are hard to obtain. Nonideal 
components get in the way of the easy- 
to-use standard equations and greatly 
multiply the tolerances. This Design Idea 
uses the TLC555 CMOS timer. You can 
use other versions of the popular 555 
timer with appropriate variations in the 
given parameters. For a stan- 
dard, _greater-than-50%- 
duty-cycle, low-frequency design (Figure 
1), you would use the following design 
equations: 


D ESIGNING ASTABLE CIRCUITS using 


ty =Ce(R,y +Rg)eIn(2); 
t, =CeRg eln(2); 


DUTY CYCLE = (Rate) 
(Ra +2Rg) 


Charging current for the timing ca- 
pacitor flows through R, and R, until the 
capacitor voltage reaches the upper 
threshold voltage of 0.667V_,. The ca- 
pacitor then discharges through R, and 
an internal transistor to the lower thresh- 
old voltage of 0.333V_,. Because R, is 
present in both the charging and the dis- 
charging cycles, you can’t implement 
duty cycles lower than 50% in this con- 
figuration. These idealized equations also 
ignore several factors that slightly de- 
grade the results for the higher range of 
duty cycles but greatly influence the re- 
sults of low-duty-cycle designs. These 
factors include propagation delays and 
the on-resistance of the internal dis- 
charge transistor. All these factors are 
supply-voltage-dependent. Another fac- 
tor for low-duty-cycle designs that does 
not apply to high-duty-cycle designs is 
the effect of the R, bypass diode, D, (Fig- 
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Voc 
0.1 pF 


i 


ICy 
TLC555D 


==C 0.1 pF 


This classic 555-based timer is valid 
only for duty cycles greater than 50%. 


ure 2), required to implement the design. 

Adding a bypass diode across R, allows 
for designs with duty cycles lower than 
50%. During the charging cycle, current 
flows through R, and bypasses R, 
through the diode. During discharge, 
current flows through R, and the inter- 
nal discharge transistor as usual. Because 
R, is now present only in the discharge 
cycle, you can tailor the duty cycle to any 
desired point over the full range. Again, 
using ideal components, the timing equa- 
tions are simple: 


ty =CeR, eln(2); 
t, =CeR, eln(2); 


DUTY CYCLE = Ra) 
(Rg) 

The factors you must consider in ob- 
taining a design that agrees with calcula- 
tions include the: 

@ diode forward voltage, 

@ propagation delays, 

@ discharge-transistor on-resistance, 

®@ ratio of R, to on-resistance, and 

@ leakage resistance of the control-pin 

capacitor. 

Diode forward voltage depends on the 


current flowing through the diode. This 
current can range from a few hundred 
microamps to tens of milliamps. For a 
fixed design, you can obtain this voltage 
from manufacturers’ curves or actual 
measurements you make by applying the 
desired current through the diode. You 
can also use the diode equation: 


f=i(e"" =1). 


Or, in terms of voltage: 


I 
38.46 ¢ In} 1+— |. 
Is 


This voltage subtracts from the charg- 
ing voltage during the charging cycle and 
affects the charge-ramp time. Propaga- 
tion-delay times from the THRES 
(threshold) and TRIG (trigger) inputs to 
DISCH (discharge) add directly to the 
period. These delays depend upon sup- 
ply voltage. The formulas for the propa- 
gation delays (in nanoseconds) are: 

T py, = —0-0162V,2+0.8207V,4— 
16.205V3+155.62V,2—31.88V..+ 
1558; T,, ,; = —0.0102V,,.°+0.5044V,,4 
9.6825V,,3+89.622V2-401.04V1 
807.97. 

Discharge-transistor on-resistance also 
varies with supply voltage. This resistance 
affects the discharge current. Also, when 
you use low-value resistors for R, (for 
low-duty-cycle designs), the combina- 
tion of R, and the on-resistance yields a 
voltage divider that affects the discharge 
voltage. The on-resistance formula for re- 
sistance in ohms is: 

Rig 39.135V 0, 

Typically, you'd place a small capaci- 
tor on the control pin that connects to the 
upper internal-divider node. This capac- 
itor has only a slight effect on the thresh- 
old-trigger voltages. The leakage resist- 
ance of the ceramic capacitor is approx- 
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imately 9 MQ. This value is high but still 
accounts for approximately a 1.5% drop 
in the trigger voltages because of the 80- 
kO, divider resistors that the window- 


Vec 


0.1 pF 
$ i 


Tl oe 


ICy 
TLC555D 


The simple addition of a bypass diode makes 
this timer circuit valid for low duty cycles. 


comparator circuit uses. When you take 
all the cited parameters into account, the 
design equations become considerably 
more complicated: 


ty =CeR,ye 


In| (3 —e {PHL MRon*0) )e — 2eV eC 
(2® Voc—3® Vp) 


toys 


t, =Ce(Rg+Ron)® 


In(3 —e {PHLI(CeRa) )e2.38¢ 
| 39 Ron 
i (Ra +Ron) 


+tppy- 
7 30 ae PLH 
(Ra +Ron) 


These equations include all the known 
parameters to obtain a nominal design 
using the TLC555 timer. Tolerances in 
each of the parameters cause additional 
variations that you must consider. In ad- 
dition, you must consider the effects of 
temperature variations. After you obtain 

all this knowledge, the simple 555 timer 
presents a major math problem. Howev- 
er, thanks to modern computers, you can 
eliminate much of this tedious math us- 
ing an Excel spreadsheet. It shows the re- 
sults of calculations both with and with- 
out the bypass diode and includes the 
tolerancing parameters. You can down- 
load the spreadsheet from the Web ver- 
sion of this Design Idea at www.edn.com. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


100 Epn | AuGusT 22, 2002 


www.edn.com 


design 


Edited by Bill Travis 


idea 


High-side driver has fault protection 


Carl Spearow, Tokyo Electron, Gilbert, AZ 


use in driving grounded so- 

lenoid coils and other loads. 
Short-circuit protection for such drivers 
is essential for avoiding damage from 
wiring faults and other causes. Polymer 
fuses are generally too slow, and discrete 
current-limiting circuits are large and 
cumbersome. The circuit in Figure 1 uses 
a small, low-dropout linear regulator as a 
high-side switch and provides inherent 
current limiting and thermal shutdown. 
The regulator comes in an SO-8 package. 
The zener diode provides transient pro- 
tection, and the output capacitor ensures 
stability of the circuit. The circuit can 
drive a 24V load at 100 mA. These 
are adequate specs for many sole- 
noid valves, relay coils, and other moder- 
ate loads. During a short circuit, the reg- 
ulator limits the current to 160 mA. This 
current causes the die to overheat and en- 
ter a thermal-shutdown state. Upon re- 
moval of the short circuit, the device 
cools down and resumes normal opera- 
tion. The top trace in Figure 2 is the out- 


H IGH-SIDE DRIVERS FIND common 


High-side driver has fault protection 


Boost 3.3V to 5V with tiny 
audio amplifier 


Add a signal-strength display 
£0 GM FM-PeCEIVEL IC. esseseesssesenestesstinsetee 106 


Op amp linearizes response 
of FET VCA 


Convert voltage to potentiometer- 
wiper setting 


Make a DAC with a micro- 
controller's PWM timer 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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SHORT-CIRCUIT TEST 


This simple high-side driver provides current limiting as well as transient protection. 


Tek SEE 200 S/s 3 Acqs 
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In the bottom trace, the output current limits itself to 160 mA during a short circuit. 


the IC then toggles on and off until re- 
moval of the short circuit. 


put voltage during a 1.3-sec short circuit. 
The bottom trace is the short-circuit cur- 
rent, which limits itself at less than 200 
mA. Note that the regulator goes into 
thermal shutdown after 500 msec, and 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Boost 3.3V to OV with tiny audio amplifier 


Wayne Rewinkel, National Semiconductor, Santa Clara, CA 


converts a 3.3V source to 5V 

at 500 mA (figures 1 and 2). 
National’s (www.national.com) LM48- 
71LD power amplifier makes this design 
idea both possible and practical, thanks 
to its low output resistance, low cost, 
compact size, and high dissipation capa- 
bility. Its output resistance has an average 
value of 0.60: 0.50 to ground and 0.70 
to V ,,. Because it isa CMOS IC, each out- 
put can swing to its rail, limited only by 
the resistance of the output transistor. 
The leadless lead-frame package has a 
footprint smaller than an SO-8 but pro- 
vides a 0,, of 56°C/W when soldered to a 
board with 1 sq in. of 1-o0z copper ex- 
posed. This high thermal conductivity 
couples with low output resistance to al- 
low the 4871 to continuously deliver 
nearly 1A from each of its two outputs 
while operating at its full rated ambient 
temperature of 85°C. Internal thermal 
shutdown protects the device from over- 
loads, and a shutdown pin allows you to 
power down the device to less than 1 wA. 
Figure 2 shows the full circuit 
schematic, including the equivalent in- 
ternal components. Amplifier IC, is con- 
figured as an RC oscillator similar to a 
555 timer. R, charges C, to the voltage set 
by the resistor divider R,,, and R,,,, caus- 
ing the amplifier to switch states, aided by 


the positive feedback from the R,, resis- 


T= CHARGE-PUMP CIRCUIT quietly 


tors. The remaining internal feedback 
and biasing resistors connected to IC, 
configure it as a simple inverter with bias 
at mid-supply. The amplifier outputs 
switch rail-to-rail out of phase with a 


This equivalent circuit shows the innards of the LM4871LD audio amplifier. 
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Vin 
: 


A20UT 
A1OUT 


Di D3 


LM4871LD 
Rs 
0.60, 


Al+ 


NOTES: 
1. D; AND Dz: MBRS120T3. 
2. C, AND Cz ESR<110. 


You can use a tiny audio amplifier to boost 3.3V to 5V with respectable current capability. 


50% duty cycle at a frequency approxi- 
mated by the following equation: 


f =44 TO 53 kHz. 


You can calculate the output voltage 


across C,,,,, from the following equation: 


Vour =2 


Win VpIloDE TourRs Tour (ESR) lour/Cf) 
=2(3.3— 0.35 — 0.3 — 0.05 — 0.062) = 5.08V, 


where I.,,,, is the average output current, 
Vsiope iS the diode voltage drop at I,,,,,5 
R, is the source resistance of IC, and IC,, 
ESR is that of C, and C,, and C is the val- 
ue of C,=C,. 

The following equation approximates 
the effective output resistance at the load: 


Component values as shown in Figure 


Vout 


1 provide a circuit that can produce 5V at 


Rour = 2(Rs +Rpropg + ESR +1/Cf)= 
2(0.6 + 0.15 +0.11+0.07) =1.90. 


0.5A from a 3.3V source at a conversion 
efficiency of 78%. If necessary, you can 
obtain tighter regulation figures at slight- 
ly lower output current by adding a low- 
dropout linear regulator, such as the 
LP3961. At a 500-mA load it introduces 
a drop of only 150 mV. Its addition pro- 
vides good line and load regulation over 
the range I,,,,=0 to 500 mA (Figure 3). 
You can also use the circuits of figures 1 
and 3 to provide 3.3V at 500 mA from a 
2.5V source. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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You can tighten voltage-regulation specs in Figure 1’s circuit by 
adding a linear regulator. 
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Add a signal-strength display to an FM-receiver IC 


José Miguel-Lopez, RF Center Ltd, Barcelona, Spain 


philips.com) TDA7000 integrates a 

monaural FM-radio receiver from 
the antenna connection to the audio out- 
put. External components include one 
tunable LC circuit for the local oscillator, 
a few capacitors, two resistors, and a po- 
tentiometer to control the variable-ca- 
pacitance-diode tuning. The IC has an 
FLL (frequency-locked-loop) structure. 
The filtered output of the FM discrimi- 
nator frequency-modulates the local os- 
cillator to provide negative-feedback 
modulation. The result is compression of 
the signal at the output of the mixer. 
Thus, the IF bandpass filter and the FM 
discriminator deal with narrowband FM 
signals. For a compression factor of K=3, 
the original FM bandwidth reduces to 


T* PHILIPS (www.semiconductors. 


BV 
180 pF 10 nF 100 nF 
3.3 nF 
330 pF 

Cy 
NV 3.3nF TDA7000 
2.2 nF 
330 pF 
39 pF 
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180/3=60 kHz. So, you need neither ce- 
ramic filters nor complex LC tank cir- 
cuits to realize the IF filter. A simple ac- 
tive filter using op amps can fulfill the 
task. The IC incorporates a correlation 
muting system that suppresses intersta- 
tion noise and spurious responses aris- 
ing from detuning. The muting circuit 
uses a second mixer. Its output is avail- 
able at Pin 1; you can use it to drive a de- 
tuning indicator. You can add a signal- 
strength display to the TDA7000 using 
the circuit in Figure 1. 

You can obtain the information relat- 
ed to the intensity of the received signal 
at the output of the IF filter (IC,, Pin 12). 
You can easily process this voltage with 
common op amps, because the IF signal 
is centered on 70 kHz. The voltage at Pin 


Ri 
20k 


12 is dc-coupled to an amplifier, IC. 
Next, an envelope detector, IC,, yields a 
dc voltage proportional to the received- 
signal strength. The Siemens (www. 
siemens.com) TCA965 window discrim- 
inator, IC,, compares this envelope volt- 
age with a voltage derived from R,R, 
and R, for the window’s center (and R, 
and R, for the window’s half-width). 
Three LEDs show the result of the com- 
parison (Low, OK, Good), but the display 
is valid only if the tuning is correct. If it’s 
correct, the voltage at IC,, Pin 1 reaches 
its maximum value, and the LM311 
comparator, IC,, enables the TCA965. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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You can easily add a signal-strength indicator to the Philips TDA7000 FM-receiver IC. 
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Op amp linearizes response of FET VCA 


Mike Irwin, Shawville, PQ, Canada 


ETS FIND common use 
F in VCAs (voltage- 

controlled ampli- 
fiers) and attenuators, in 
which the FET serves as a vari- 
able resistance. A control volt- 
age applied to the gate sets the 
channel resistance and overall 
circuit gain. You frequently 
need to select individual FETs 
because of wide spreads in 
FET characteristics. The cir- 
cuit in Figure 1 uses a master- 
slave servo technique with a 
matched-FET pair to imple- 
ment voltage-controlled vari- 
able gain. This gain is a linear 
function of the applied con- 
trol voltage, V.. In contrast 
with variable-gain circuits us- 
ing a single FET as the gain- 
control element, the circuit in 
Figure 1 exhibits minimum 
gain for V.=OV and features a 
linear increase in gain with in- 
creasing V_. The self-biasing 
operation of the circuit also compensates 
for unit-to-unit variations in the FET 
characteristics, thereby making device se- 
lection less critical. 

The circuit maintains the drain volt- 
age, V.¢ of Q,, at a low value (V,,,,=50 
mV) to ensure that the FET operates in 
the resistive region of its I, versus V,,, 
characteristic curve. Op amp IC,, servos 
the V., of Q,, to maintain V,,, at V 
while Q,, sinks the current from 
the Howland current source 
IC,,- The sourced current is I,(mA) 
=V/R(kQ), where V, is the control 
voltage. The channel resistance, R,, in 
kilohms is then R,=V,,,/1,=0.05/I, 
0.05XR,/V_.. The same V_,, applies to Q,, 
through R,,. Because Q, is a well- 
matched monolithic dual FET, Q,, and 
Q,, have identical channel resistance, R,,. 
V5 Varies from approximately 370 mV 
(which D, limits to prevent gate-source 
conduction) to V, (approximately —1.7V 
for the 2N3958) as V_, varies from 0 to 5V. 
IC, is a variable-gain, noninverting am- 
plifier, in which the controlled R,, of Q,, 


REF? 
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Ra 

4.7k 


A 0 to 4V triangle wave linearly 
modulates the 500-Hz audio input. 


sets the gain: Gain=1+R,/R,=1+R,/ 
(Veep XR,/V,). 

The maximum gain is 1+R,/R,. R, is 
the minimum channel resistance for 
V,s=0V, approximately 4500 for the 
2N3958. The minimum gain is unity, 
when the FET does not conduct (V,.= 
VoincHorr)* The circuit attenuates the au- 
dio-input signal level to lower than 10 
mV p-p. This attenuation minimizes dis- 
tortion in the FET and also sets the clip- 
ping level at the output of IC,. R,, and C,, 


© AUDIO OUT 
6V P-P 


AUDIO IN 
6V P-P 


This voltage-controlled amplifier has a dynamic range of —55 to 0 dB. 


in combination with R,,, reduce distor- 
tion at higher signal levels. With the val- 
ues shown, the gain increases linearly 
from —55 to 0 dB as V,, varies from 0 to 
5V. The circuit accepts a 6V p-p input 
signal. Figure 2 shows the result of mod- 
ulating a 500-Hz sine wave with a 0 to 4V 
triangle wave. 

For best performance, IC, should be a 
low-offset, low-input-current unit, such 
as the OP-290. IC, should be a high-gain- 
bandwidth-product, low-noise amplifier, 
such as the NE5534. You can successful- 
ly use inexpensive units, such as the 
LF353 and LF351, at reduced gains. You 
can also operate the circuit from +5V 
supplies (with R, changed to 100 kQ), us- 
ing an OP-290 for IC, and a TLO31 for 
IC,. The maximum supply current for 
+5V operation is 0.33 mA, showing that 
low-power operation is possible. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Convert voltage to potentiometer-wiper setting 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA, and 
Chris Wojslaw, Conexant Systems, Newport Beach, CA 


verts an analog input 

voltage, V,,., to a pro- 
portional wiper setting of a DPP 
(digitally programmable poten- 
tiometer). The potentiometer’s 
wiper setting, which varies from 
position 0 through 31, corre- 
sponds to the input voltage, 
which varies from 0 to 1V dc. 
The CAT5114, IC,, is a 32-tap 
potentiometer with an incre- 
ment/decrement interface. V,, 
typically models the output volt- 
age of a sensor whose value sets 
a parameter of an analog circuit 
in the signal-processing portion 
of a system. The basic principle 
of the circuit is to convert the in- 
put voltage to a number of puls- 
es and let each pulse advance the 
potentiometer’s wiper within a 
certain period of time. IC, is a 
voltage-to-frequency converter. 
This circuit converts the 0 to 1V dc input 
voltage to an output frequency, V 
that varies from 0 to 1 kHz. 

This free-running oscillator advances 
the wiper of the potentiometer for only 
31 msec, established by V,,,,, and the 
AND function of IC,. V,,,,, is the output 
of the one-shot multivibrator, IC,. The 
one-shot receives its trigger from a cali- 
brate switch or an external signal. The 
hex inverters of IC, debounce the cali- 
brate switch. R,C, differentiate the volt- 
age-level shift generated by the switch to 
provide a nominal 100-psec trigger, 
Vip tO IC,. Vp, could also be a proces- 


TRIG? 


T: CIRCUIT IN Figure 1 con- 


PULSES? 


TRIG 


—--- CALIBRATE 
(MIC) 


Vee i . 


sor-generated logic signal. The 31-msec 
gating signal is chosen to correspond to 
the highest tap position of the poten- 
tiometer at the highest frequency of the 
voltage-to-frequency converter. For a 
100-tap potentiometer, the gating signal 
measures 99 msec for the same sensitivi- 
ty of the voltage-to-frequency converter. 
You can trim the 15-kO resistor, Rg to 
match the timing of the 331 converter to 
the pulse width of the 555. 

Tap position 00 of the digitally con- 
trolled potentiometer is stored in the 
DPP’s nonvolatile memory and the po- 
tentiometer’s up/down control is set to 


5 fio 1 
1} CAT5114 H ! 
coe +O 
ef 2 


You can convert an analog voltage to a wiper setting in a digitally programmable potentiometer. 


up. When the DPP powers up, the IC re- 
calls wiper setting 00 from nonvolatile 
memory. When you depress the calibrate 
switch, the wiper increments from 00 to 
a setting corresponding to the input volt- 
age, V,,,- You can use the three-terminal 
resistive network of the potentiometer to 
control the gain of an amplifier (shown 
in broken lines in Figure 1), a parameter 
of a filter, or the coefficient of a mathe- 
matical operator. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Make a DAC with a microcontroller’s PWM timer 


Mike Mitchell, Texas Instruments Inc 


ANY EMBEDDED-microcontroller 
applications require generation of 
analog signals. An integrated or 


stand-alone DAC fills the role. However, 
you can often use PWM signals for gen- 
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erating the required analog signals. You 
can use PWM signals to create both dc 
and ac analog signals. This Design Idea 
shows how to use a PWM timer to si- 
multaneously create a sinusoid, a ramp, 


and a dc voltage. A PWM signal is a dig- 
ital signal with fixed frequency but vary- 
ing duty cycle. If the duty cycle of the 
PWM signal varies with time and you fil- 
ter the PWM signal, the output of the fil- 
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ter is an analog signal (Figure 1). If you 
build a PWM DAC in this manner, its 
resolution is equivalent to the resolution 
of the PWM signal you use to create the 
DAC. The PWM output signal requires 
a frequency that is equivalent to the up- 
date rate of the DAC, because 
each change in PWM duty cycle 
is the equivalent of one DAC sample. The 
frequency the PWM timer requires de- 
pends on the required PWM signal fre- 
quency and the desired resolution. The 
required frequency is Fo, 4.4 =Fowyyy% 2" 
where F.., 4.x is the required PWM-timer 
frequency, F,,,,, is the PWM-signal fre- 
quency, and n is the desired DAC reso- 
lution in bits. 

Figure 2 depicts a circuit that delivers 
a 250-Hz sine wave, a 125-Hz ramp, and 
a dc signal. The desired sampling rate is 
8 kHz (32 samples for each sine-wave cy- 
cle (16 oversampled), and 64 samples 
for each ramp cycle (32 X oversampled)). 
These figures result in a required PWM- 
signal frequency of 8 kHz and a 
required PWM clock fre- 
quency of 2.048 MHz. It is 
usually best for the PWM signal 
frequency to be much higher than 
the desired bandwidth of the sig- 
nals to be produced. Generally, the 
higher the PWM frequency, the 
lower the order of filter required 
and the easier it is to build a suit- 
able filter. This design uses Timer 
B of the MSP430 in 16-bit mode 
and in “up” mode, in which the 
counter counts up to the contents 
of capture/compare register 0 
(CCRO) and then restarts at zero. 
CCRO is loaded with 255, thereby 


32,768 Hz] 


MSP430 


MICRO- 
CONTROLLER 


PWM 
OUTPUT 


ANALOG 
FILTER 


A PWM signal passing through a filter yields 
and analog signal. 


giving the counter an effective 8-bit 
length. You can find this register and oth- 
ers ina DAC demonstration program for 
the MSP430 microcontroller. You can 
download the program from the Web ver- 
sion of this Design Idea at www.edn.com. 

CCRI1 and output TB1 produce the 
sine wave. CCR2 and TB2 generate the 
ramp, and CCR3 and TB3 yield the dc 
value. For each output, the output mode 
is the reset/set mode. In this mode, each 
output resets when the counter reaches 
the respective CCRx value and sets when 


MSP430F1491PM Veo 


DVcc 
AVcc 


XIN P4-1/TB1 


XOUT/TCLK 
P4.2/TB2 


DVss 


AVss_ p4.3/TB3 


A microcontroller and some passive filters produce a sine wave, a 
ramp, and a dc signal. 


design 


the counter reaches the CCRO value. This 
scheme provides positive pulses equiva- 
lent to the value in CCRx on each re- 
spective output. If you use the timer in 8- 
bit mode, the reset/set output mode is 
unavailable for the PWM outputs be- 
cause the reset/set mode requires CCRO. 
The timer’s clock rate is 2.048 MHz. Fig- 
ure 3 shows the sine and ramp wave- 
forms. The sine wave in this example uses 
32 samples per cycle. The sample values 
are ina table at the beginning of the pro- 
gram. A pointer points to the next value 
in the sine table, so that, at the end of 
each PWM cycle, the new value of the 
sine wave is written to the capture/com- 
pare register of the PWM timer. 

The ramp in this example does not re- 
quire a table of data values. Rather, the 
ramp simply increments the duty cycle 
for each cycle of the PWM signal until it 
reaches the maximum and then starts 
over at the minimum duty cycle. This 
gradual increase in PWM-signal duty cy- 
cle results in a ramp voltage 
when the signal passes through 
a filter. You control the dc lev- 
el by simply setting and not 
changing the value of the 


we 
Cp PWM-signal duty cycle. The dc 
200 pF oa. : 
level is directly proportional to 
A the duty cycle of the PWM sig- 
‘aiee nal. Figure 2 shows the recon- 


struction filters used for each 
signal in this example. The fil- 
ter for the ac signals is a sim- 
ple two-pole, stacked-RC filter, 
which is simple and has no ac- 
tive components. This type of 
filter necessitates a higher sam- 
pling rate than would be re- 


The microcontroller’s PWM timer produces an ac signal (a) and a dc signal (b) of a sine wave and a ramp with 8-bit resolution. 
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quired if the filter had a higher order. 
With the type of filter shown in Fig- 
ure 2, you should use at least a 16X 
oversampling rate. 

The filter yields its best response 
when R, >> R,. Also, setting the cut- 
off frequency too close to the band- 
width edge causes a fair amount of at- 
tenuation. To reduce the amount of 
attenuation in the filter, set the cutoff 
frequency above the bandwidth edge 
but much lower than the frequency of 
the PWM signal. The filter for the de 
value serves for charge storage rather 
than ac-signal filtering. Therefore, it 
uses a simple, single-pole RC filter. 


DISABLE WATCHDOG 
TIMER, INITIALIZE 1/0 IMER_B 


PORTS, AND SET UP INCREMENT AN AND 
CLOCK SYSTEM INTERRUPT | siNE-TABLE POINTER 


AND MOVE NEW 
CALL DELAY LOOP FOR 
CRYSTAL STABILIZATION 


VALUE TO CCR1 
CALL SOFTWARE 
FREQUENCY-LOCK LOOP 
FOR DCO STABILIZATION 


SET UP TIMER_B AND 
START PWM GENERATION 


ENTER LPMO 


INCREMENT AN AND 
RAMP VALUE AND 
MOVE TO CCR2 


RETURN FROM 
INTERRUPT 


Figure 4 shows the software flow for __ This software flow diagram shows how the PWM timer 
the DAC. After a reset, the routine generates the sine and ramp signals. 


stops the watchdog timer, configures 
the output ports, and sets up the clock 
system. Next, the software calls a delay to 
allow the 32,768-Hz crystal to stabilize to 
calibrate the DCO (digitally controlled 
oscillator). 


starts the timer. Finally, the MSP430 


goes into low-power mode 
igare 4 0 (LPMO0) to conserve pow- 


er. The CPU wakes up to handle 
each CCIFGO interrupt from the 
PWM timer and then re-enters 
LPMO. (See references 1, 2, and 3 
for more information on the DCO 
and the MSP430 family.) 


REFERENCES 

1. MSP430x13x/14x data sheet, 
Texas Instruments document SLAS- 
272. 

2. MSP430x1xx Family User’s 
Guide, Texas Instruments docu- 
ment SLAU049. 

3. “Controlling “the DCO of the 
MSP430x11x,” Texas Instruments 


Next, the routine calls the calibration document SLAAO074. 


routine to set the operating frequency to 
2.048 MHz. After the DCO calibration, 


the program sets up Timer_B,CCRland Is this the best Design Idea in this 
CCR2 for PWM generation and then _ issue? Select at www.edn.com. 
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Add current boost to a USB charger 


Len Sherman, Maxim Integrated Products, Sunnyvale, CA 


charge a portable device while trans- 

ferring data. But for high-capacity 
batteries, the 500-mA output current of 
USB hosts and powered hubs greatly ex- 
tends the charging time. (Unpowered 
USB hubs supply no more than 
100 mA.) Thus, a system that ac- 
cepts charging power from an ac adapter 
as well as the USB port is more conven- 
ient. Such a system can charge from a 
notebook USB port when youre travel- 
ing, yet can charge faster via the adapter 
when youre at home or in the office. An 
external transistor current source adds 
dual-input capability to a single-chip 
lithium-cell charger (Figure 1). The chip, 
IC,, operates alone when you connect to 
USB power and allows you to pin-pro- 
gram it for a maximum charging current 
of either 500 or 100 mA. When you plug 
in an ac adapter, which the 600-mA com- 
ponents set, the external-transistor cur- 
rent source, Q, and Q,, turns on and sets 
IC,’s charging current to 500 mA. Be- 
cause IC, and Q, both charge the battery 
under that condition, the total charging 
current is 1100 mA. 


T° POPULAR USB INTERFACE can 


Add current boost to a 
USB charger. 
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This battery charger delivers 100 or 500 mA (selectable) to a single lithium cell when USB power is 
connected and charges at 1100 mA (settable via R, or R,) when ac power is present. 


Q, and Q, form a current limiter for 
the ac adapter. The limiter allows Q, and 
R, to pass the additional 600 mA. When 
the voltage drop across R, exceeds that 
across R,, which R, and R, set, Q, begins 
to turn off. Q, cancels V,,,, enabling R, to 
more accurately set the maximum cur- 
rent. Voltage across R, sets the reference 
voltage, and the output current limits 
when the voltage drop on R, matches the 
voltage on R,. Q, should have a beta high- 
er than 200 at 1A, so that IC,’s CHG pin 
can sink enough current to turn on Q,. 
High beta also minimizes error in the 
transistor current source. When IC, 
changes from current mode to voltage 
mode at approximately 4.15V, IC,’s CHG 
output turns off the transistor current 
source. IC, remains on and finishes off 
the taper to full charge. It also remains on 
and continues to function when USB 
power is gone and only ac power remains. 


IC, also controls the prequalification 
current, which is the current level neces- 
sary to safely recover deeply discharged 
cells at low battery voltage. The CHGout- 
put assumes a high-impedance state dur- 
ing cell prequalification to ensure that the 
external current source remains off, and 
that the prequalification current of ap- 
proximately 50 mA comes only from IC,. 
When you plug in the ac power, Q, turns 
off to prevent back-feeding the USB in- 
put. You install Q, “backward” with the 
drain connected to USB input side, so 
that USB power remains connected to the 
IN pin (IC, pin 4) via Q,’s body diode, 
even when Q, is off. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Transistor linearly digitizes airflow 


Steve Woodward, University of North Carolina, Chapel Hill, NC 


measure airflow is to take advantage 

of the predictable relationship be- 
tween heat dissipation and air speed. The 
principle of thermal anemometry relies 
on King’s Law, which dictates that the 
power required to maintain a fixed dif- 
ferential between the surface of a heated 
sensor and the ambient air temperature 
increases as the square root of air speed. 
The popular hot-wire anemometer ex- 
ploits this principle, but it suffers from 
the disadvantage of using a specialized 
and fragile metallic filament, the hot 
wire, as the airflow sensor. The circuit in 
Figure 1 avoids this disadvantage by us- 
ing a pair of robust and inexpensive tran- 
sistors instead of a flimsy wire for air- 
speed sensing. The Q,/Q, front end of the 
circuit borrows from an earlier Design 
Idea (Reference 1). Just as in the 1996 cir- 
cuit, the circuit in Figure 1 works by con- 


Pyrcsssce AND RELIABLE WAY to 


Qo 
2N4401 


tinuously maintaining the condition 
Vi =Vigi To perform this task, the circuit 
must keep Q, approximately 50°C hotter 
than Q.. 

V ,, balance requires this temperature 
difference, because Q,’s collector current, 
Top is 100 times greater than that of Q, 
es If Q, and Q, were at the same tem- 
perature, this ratio would result in Vai ® 
being greater than V,,, by approximately 
100 mV. Proper control of I,, establishes 
differential heating that makes Q, hotter 
than Q,. The method thus exploits the 
approximate —2-mV/°C temperature co- 
efficient of V,,, to force V, balance. The 
resulting average, Ni proportional to the 
average power dissipated in Q,, is the 
heat-input measurement that forms the 
basis for the thermal air-speed measure- 
ment. Calibration of the sensor begins 
with adjustment of the R, zero-adjust 
trim. You adjust R, such that, at zero air- 


Qs 
2N5089 


Using a simple transistor as sensor, this circuit yields a digitized, linear measurement of air speed. 
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flow, V,,=V,, with no help from Q,. 
Then, when moving air hits the transis- 
tors and increases the heat-loss rate, Vig 
increases and causes comparator IC, to 
release the reset on C,. C, then charges 
until IC, turns on, generating a drive 
pulse to Q, through Q.. 

The resulting squirt of collector cur- 
rent generates a pulse of heating in Q,, 
driving the transistor’s temperature and 
V 4, back toward balance. Proper adjust- 
ment of R, calibrates the magnitude of 
the I, ,-induced heating pulses to estab- 
lish an accurate correspondence between 
pulse rate and air speed. Now, consider 
measurement linearization. The square- 
root relationship of King’s Law makes the 
relationship between heat loss and air 
speed nonlinear. You must iron the kinks 
out of the air-speed-calibration curve. 
You might achieve linearization in soft- 
ware, of course. However, depending on 
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the flexibility of the data system the 
anemometer works with, a software cor- 
rection is sometimes inconvenient. An- 
other earlier Design Idea (Reference 2) 
presented an analog solution to lin- 
earization. But if you want the advan- 
tages of a digital, pulse-mode output— 
that is, noise-free transmission over long 
cable runs—you need a different fix. 
The circuit in Figure 1 provides both 
linearity and a digital output. The aver- 
age heat the pulses deposit in Q, is 
H=5VXIXFXW, where | is the ampli- 
tude of the Q, current pulses (adjusted 


with R,), F is the output frequency, and 
W is the pulse width. W is inversely pro- 
portional to I,,, the discharge current that 
ramps down V_, and controls the on- 
time of IC,. Q, and Q, average the output 
duty cycle to generate a control voltage 
for Q, and thus make W a function of F. 
In fact, the feedback loop this arrange- 
ment establishes implicitly makes W= 
K/(W XB), where K is a calibration con- 
stant determined by the component val- 
ues. Therefore, W7=K/F, and H=5X 
IXF/\/K/E This expression yields 
F=(H/5])’/K, making F the desired func- 


tion of H? and thus linearizing the rela- 
tionship between frequency and air 
speed. 


REFERENCES 

1. Woodward, Steve, “Self-heated tran- 
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Make a truly linear RF-power detector 


Victor Chang and Eamon Nash, Analog Devices, Wilmington, MA 


ODERN HIGH-PERFORMANCE trans- 
MV mitters require accurate monitor- 

ing of RF power, because most cel- 
lular standards depend on strict power- 
transmission levels to maintain an effec- 
tive network. Regulation of transmitted- 
signal strength also lets you build lower 
cost systems. Figure 1 shows a waveform- 
independent circuit that provides a lin- 
ear measurement of RF power. Sophisti- 
cated modulation schemes, such as 
CDMA (code-division multiple access) 
and TDMA (time-division multiple ac- 
cess) have obsoleted traditional ap- 
proaches to RF power. Diode- 
based detectors have poor 
temperature stability, 
and thermal detectors 
have slow response times. 
Logarithmic amplifiers are 
temperature-stable and have 
a high dynamic range, but 
they exhibit a waveform-de- 
pendent response. This re- 
sponse causes the output to 
change with modulation type 
and, in the case of spread- 
spectrum technology, chan- 
nel loading. 

Power detection must be 
waveform-independent in 
systems that use multiple 
modulation schemes. These 
include point-to-point sys- 
tems that are configurable to 
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transmit QPSK (quadrature- 
phase-shift keying), 
16QAM (quadrature 
amplitude modulation), and 


64QAM, for example, and OUTPUT 
spread-spectrum systems such aa - 
as CDMA and W-CDMA 1 
(wide CDMA). A logarithmic 

0.5 


amplifier in an automatic- 
gain-control loop can regulate 
the gain of a variable-gain 
power amplifier, but the out- 
put voltage is waveform-de- 
pendent, because the logarith- 
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This circuit provides an output voltage that is linearly pro- 
portional to the input power in watts. 


mic amplifier does not re- 
spond to the rms level of 
the signal. For example, 
sine- and square-wave in- 
puts that have the same 


OV : 
"" rms voltage levels have dif- 


ferent logarithmic inter- 
cepts (Figure 2). You could 
use calibration factors to 
correct this intercept dif- 


ference in a multistandard 
OVourt 


system. 
An alternative solution 
(Figure 1) uses the 


—5V S 


Log amps detect signals over a wide dynamic range, but are not rms- 
responding. 


AD8361, a high-frequency 
true-power detector. Un- 
like the logarithmic ampli- 
fier, the AD8361 is an rms- 
to-de converter and, 
therefore, responds to the 
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input rms voltage. Hence, a sine 
wave, a square wave, or any oth- 
er input with the same rms level 
produces the same dc output, al- 
lowing you to incorporate wave- 
form-independent measurement 
into a multimodulation system. 
With the addition of a 
multiplier, the circuit 
delivers an output voltage that is 
proportional to the input power 
level in watts. You can easily ad- 
just gain and offset for this pow- 
er meter with an op-amp circuit, 
thus providing an output scaled 
in volts per watt. A complex RF 
waveform feeds the input of the 
AD8361. 

The multiplier squares the dc output 
to produce a voltage proportional to the 
power dissipated in the 500. input im- 


form. 


100 


Vour (V) 1 


| Figures | 


Vout: 100 MHz 


ERROR:100 MHz 


Vout:900 MHz 


ERROR:900 MHz 


0.1 
Pin (mW) 


pedance of the circuit. The AD633 mul- 
tiplier squares the rms output of the 
AD8361 and divides by 10. The AD707 
provides a maximum gain of 6 


+ QO ERROR (dB) 


The circuit in Figure 1 responds to rms signals, independent of wave- 


[G=(R,+R,+R,)/R,]. This 
value is lower than the gain of 
10 that you would need to ex- 
actly cancel the effect of the 
multiplier scaling and allows 
the circuit to have a wider dy- 
namic range, because the out- 
put would saturate with a 
smaller input with a gain of 
10. You can easily adjust all cir- 
cuit offsets with potentiome- 
ter R,. Figure 3 shows meas- 
urements made with this 
power meter. The graphs plot 
the output voltage and error 
for input signals at frequencies 
of 100 and 900 MHz. The de- 
tector operates at frequencies as high as 
2.7 GHz. 

Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Simple circuit provides 5V gate bias from —48V 


Will Hadden, Maxim Integrated Products, Sunnyvale, CA 


SMALL and simple 


[ers derives 5V 
from the —48V rail 


that telecomm applica- 


tions typically 

use (Figure 1). 
Useful for gate 

bias and other purposes, 
the 5V supply delivers as 
much as 5-mA output 
current. A shunt refer- 
ence, IC,, defines —5V as 
ground reference for a charge pump, IC,,. 
The charge pump doubles this 5V differ- 
ence between system ground and charge- 
pump ground to produce 5V with respect 
to the system ground. The shunt refer- 
ence maintains 5V across its terminals by 
regulating its own current, I. I, is a func- 
tion of the value of R. The current 
through R, I,,, is reasonably constant and 
varies only with the input voltage. I, the 
sum of the charge-pump and shunt-ref- 
erence currents (I,=I.,+I1,), has maxi- 
mum and minimum values set by the 
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+ MAX6138 


Vout 
5V, 2mA 
MAXIMUM 


EXR50-T 


This small, simple circuit produces 5V at 5 mA from a —48V input. 


shunt reference. 

The shunt reference sinks as much as 
15 mA and requires 60 wA minimum to 
maintain regulation. Maximum I, is a 
function of the maximum input voltage. 
To prevent excessive current in the shunt 
reference with no load on the charge- 
pump output, use the maximum input 
voltage (—48V—10%=—52.8V) to cal- 
culate the minimum value of R. The 
maximum reference sink current, 15 mA, 
plus the charge pump’s no-load operat- 
ing current, 230 pA, equals the maxi- 


mum I, value, 15.23 mA. Thus, R 
(Vesaneas— Vane) lnaaioe = 314 KO. 

Choose the next-highest standard 1% 
value, which is 3.16 kQ. You calculate the 
guaranteed output current for the charge 
pump at the minimum line voltage: 
—48V+10%=—43.2V. The charge 
pump’s maximum input current is 
Tes itunes Vig iB Toseuny = (43.2 

5)/3.16—90 wA=12 mA, where 90 pA 
is the minimum recommended operat- 
ing current for the shunt reference. As- 
suming 90% efficiency in the charge 
pump, the output current is I,..= 
(1.,,/2) X0.9= (12/2) 0.9=5.4 mA. You 
halve the charge-pump current, because 
the output voltage is twice the input volt- 
age. Be sure that R can handle the wattage 
under no-load conditions. A 1W resistor 
suffices in this example. 


MIN 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Circuit provides laser-diode control 


Michael Fisch, Agere Systems, Longmont, CO 


rapid turn-on currents, and over- 

voltage conditions. To address those 
problems, the simple laser-diode con- 
troller in Figure 1 has several functions. 
The first part of the circuit comprises an 
8.2V zener diode, D, that forms the heart 
of a constant-voltage source for the laser 
diode. Next, IC,,, half of a dual FET-in- 
put op amp, forms an inverting integra- 
tor to slow the turn-on time. To turn on 
the laser diode, IC,,,, the other half of the 


| ASER DIODES ARE Sensitive to ESD, 


12V 
O 


op-amp IC, triggers the base of Q,. This 
transistor forms a constant-current 
source for the laser diode. You can mon- 
itor the laser-diode supply voltage and 
the sense-diode current and voltage. You 
use these parameters as inputs to the dif- 
ferential amplifier, IC,,, the first half of 
another dual FET-input op amp. When 
an overvoltage condition occurs, the dif- 
ference amplifier detects the condition, 
and its output drives IC,,, configured as 
an open-loop comparator. You set the 


SOURCE 


SHUTDOWN CIRCUIT 


Constant voltage and current and slow turn-on time are the keys to laser diodes’ survival. 


LASER-DIODE 
PACKAGE 


CONSTANT-CURRENT 


threshold by using the potentiometer, R,. 
Zener diode D, provides a constant-volt- 
age source for that threshold setting. 
When the voltage reaches the threshold, 
the output triggers the base of Q,, which 
instantly shuts down IC,,, which in turn 
shuts down the laser diode. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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One amplifier has two gain figures 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


1 is an inverting amplifier with two 

outputs—one for positive output 
voltages, Voureosy and the other for neg- 
ative output voltages, Vo. xyp¢): Steering 
diodes D, and D, split the amplifier, IC,, 
output into the two output polarities rel- 
ative to the 2.5V reference. The gain of 
the inverting amplifier for each of the two 


T HE SINGLE-SUPPLY CIRCUIT in Figure 
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polarities features independent pro- 
gramming, using Catalyst’s (www.cat 
semi.com) 100-tap, digitally program- 
mable potentiometers DPP, and DPP.. 
You configure the potentiometers as vari- 
able resistances and model them as 
(1—p)R, 5,» where p represents the pro- 
portional position of the wiper as it 
moves from one end (p=0) of the DPP 


to the other end (p=1). Ror is the po- 
tentiometer’s end-to-end resistance. In 
terms of p, the gains of the circuit are 
If R,<R,,» the gain values can be less 
(1 —p))Rport V, 
—.___ YIn 

R, 


FOR 0< Vy <2.5V, and 


Vout (ros) == 
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(1. =p2)Rpor2 Vs 
R, 


FOR 2.5V < Viy <S5V. 


VouT(NEG) = 


than one, one, or greater than one. For 
the circuit values shown, you can 
program the two gains from ap- 
proximately '/o to 10. If you characterize 
the potentiometer, the measured accura- 
cy of the circuit is approximately 1%. 
This implementation of the circuit uses 
only six components and is appropriate 
for signal-processing applications. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


plRpori 


O Vouripos) 


Dy 


D2 


O Vout(nea) 


NOTES: 
ICj=%LM6064. 
Rpoti=Rpot2=10 kQ. 


Using digitally programmable potentiometers, you can obtain two distinct gain figures from one 
amplifier. 


Single switch controls digital potentiometer 


Jim Bach, Delphi Delco Electronics Systems, Kokomo, IN 


H1s DesIGN [Dea is an evolution and 
Tsizzisction of another (Figure 1, 

Reference 1). Replacing the three in- 
verted-input NOR gates with their 
logical equivalents, positive-input 
NAND gates, makes these three gate 
symbols consistent with the fourth, 
which was drawn as a positive-input 
NAND gate. The 74HC132’s data sheet 
describes the device as a quad, two-input 
NAND gate with hysteresis. 

As the earlier design also describes, you 
can activate the DPDT rocker switch, S,, 
to produce either a “count-up” or a 
“countdown” effect at the digital poten- 
tiometer, CAT5114. Moving the switch 
up causes S,, to ground the input of IC,,, 
thus causing the NAND-gate flip-flop, 
IC,, and IC,,, to switch high, thereby 
commanding the CAT5114 to count up. 
At the same time, S,, causes the 1-\F ca- 
pacitor on IC, .’s upper input to discharge 
through a 10-k( resistor. Eventually the 
output of IC, also switches high, thus 
enabling the oscillator comprising IC... 
Similarly, moving the switch down caus- 
es S,, to ground the input of IC,,,, thus 
causing the NAND-gate flip-flop to 
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DPDT 
MOMENTARY 
CONTACT 


100k 5V 


74HC132 
ICip 


R 
100k 


c 
47 oF TD 


This is the original circuit, as published in Reference 1. 


Component 


Figure 1 count Figure 4 count Savings 
ICs Two Two Zero 
Resistors Seven Four Three 
Resistor values Two (10 kQ, 100 kQ) One (100 kQ) One 
Capacitors Three Two One 
Capacitor values Two (1 wF, 4.7 wF) =‘ Two (0.1 pF, 4.7 uF) ~~ One lower value and cheaper 
Switches One DPDT One SPDT Single-pole and cheaper 
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DPDT 
MOMENTARY 
CONTACT 


10k 


You can restructure the switch-interface circuit 
of Figure 1 as shown. 


SPDT 
MOMENTARY 
CONTACT 


74HC132 
ICip 


47 wT 


This circuit uses fewer and cheaper components than the circuit in 


Figure 1. 


switch low, thereby commanding the 
CAT5114 to count down. At the same 
time, S|, causes the 1-pF capacitor on 
IC,.’s lower input to discharge through 
a 10-k© resistor, thereby eventually en- 
abling the oscillator comprising IC,,,. 
The first step in simplifying this design 
is to rearrange the connections of S, so 


= ae 


You can simplify the oscillator-enable structure, 
as shown. 


that the A and B sections are not cross- 
connected between operating the flip- 
flop and the oscillator-enabling circuit. 
You can rewire the interface structure as 
shown in Figure 2. This circuit uses S,, to 
control the flip-flop, whereas S, , controls 
the oscillator-enable 
circuit. This step 
does nothing direct- 
ly to reduce the parts 
er count of the circuit; 
however, it does 
make the  subse- 
quent step more ob- 
vious. The next step 
in the simplification 
is to recognize that 
the two RC net- 
works on the inputs 
of IC, both do the 
same thing but in 
opposite switch po- 
sitions. As far as IC, 
is concerned, either 
switch position performs the same func- 
tion; that is, to debounce the switch con- 
tacts and eventually enable the oscillator. 
Thus, you need only one RC network, 
and you can tie it to both of S,,’s active 
positions (Figure 3). Moving the switch 
in either direction discharges the 1-wF 
capacitor through the 10-kQ, resistor, 


5V 


CAT5114 


eventually causing the output of IC,,. to 
switch high, thus enabling the oscillator. 
When you release the switch, S,,, goes to 
the open, or off, state, and the 1-F ca- 
pacitor recharges through the 100-kQ re- 
sistor, thus turning off the oscillator. 

The last simplification step stems from 
realizing that the sole purpose of IC,.and 
the RC filter on its input is to generate a 
high state whenever switch S, is in either 
of its active positions. True, the RC filter 
does debounce the switch contacts; how- 
ever, the actual switch- closure informa- 
tion available at S_, is also available at S, ,. 
Thus, you can simply use IC,,, to direct- 
ly monitor the S,, contacts. You can move 
the RC filtering to the input of IC,,. This 
step allows you to simplify S|, changing it 
from a DPDT to a SPDT configuration, 
which means you can use a cheaper 
switch. Because the RC debounce filter 
now connects to a low-impedance gate 
output, IC, you can increase the R, thus 
reducing the amount of C you need to 
form the same time constant. Thus, you 
can use smaller, cheaper capacitors. You 
can also use the same resistor value, 100 
kQ, in all four locations, eliminating the 
need to inventory two resistor values. The 
final circuit appears in Figure 4. Table 1 
summarizes the savings in component 
count and cost. 
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Instrumentation amp makes noninverting integrator 


Glen Brisebois, Linear Technology Corp, Milpitas, CA 


mentation of an integrator. The cir- 
cuit has two properties that may be 
undesirable in same applications: It nec- 
essarily inverts, and it requires a split- 


F IGURE 1A SHOWS the classic imple- 
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supply or midsupply reference. Figure 1b 
shows an implementation of an integra- 
tor that uses an LT1789 instrumentation 
amplifier. This integrator does not invert, 
and it works with a single supply. In ad- 


dition, because it has a positive-only out- 
put swing, the integrator capacitor can be 
a high-value, polarized electrolytic unit, 
as shown. Most of the circuit operates as 
a voltage-controlled current source. The 
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LT1789 is a precision micropower 
instrumentation amplifier 
that can operate from 3 to 
36V total-supply spans. 
With a gain setting of 1, with 
pins 1 and 8 open, the voltage be- 
tween the inputs also appears be- 
tween the Output and Reference 
pins. The Output pin connects to 
one side of R,, and the voltage on 
the other side of R, drives the Ref- 
erence. The input voltage, V,,, ap- 
pears across R,, causing the cur- 
rent-source action, with I,.,.= 
V y/R,. Dumping this current into 
a capacitor produces the integra- 


tor action, with the time constant R,C.. 
The LT 1636 buffers the output voltage on 
C,, thereby eliminating the loading ef- 
fects of approximately 200 kO, of the 
LT1789’s Reference pin and any down- 
stream circuitry. The wide, single-supply 


t=0 


(a) 


The classic integrator in a inverts and requires split supplies. The circuit in b is noninverting and works 
with a single supply. 


adjustable ramp generators, and voltage- 
to-frequency converters. 


range and micropower operation make 
the circuit suitable for battery-powered 
systems. As a positive-output-only inte- 
grator, this circuit is not generally appli- 
cable inside control loops. Suitable ap- 
plications _ include accumulators, 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Passive circuit limits inrush current 


Sunil Tiwari and Mangesh Borage, Centre for Advanced Technology, Indore, India 


rush current during start-up of a 

rectifier circuit with a capacitor out- 
put filter by using the circuit in Figure 1. 
You insert a high resistance in series with 
the ac input or the dc output of the rec- 
tifier and then short-circuit the resistance 
with a switch once the filter capacitor is 
sufficiently charged. In this scheme, you 
need an additional timer relay or sensing 


Y: WOULD NORMALLY limit the in- 


circuit to control the closure or opening 
of the switch. Moreover, the switch car- 
ries the full load current during normal 
operation. As an alternative, the simple, 
passive circuit in Figure 2 for inrush-cur- 
rent limiting uses commercially available 
components and presents advantages in 
size and cost. The resistance-switch 
arrangement inserted in series with the 
filter capacitor, instead of in the main 


power line, limits inrush current in this 
circuit. The current rating of the switch 
can therefore be much lower. A switch, S., 
short-circuits the charging resistor, R,. 
This switch represents the contact of a 
commercially available dc relay. The re- 
lay senses the voltage on capacitor C; 
thus, the switch operates automatically. 
R, limits the peak inrush current and 
also determines the start-up delay. The 


In this classic inrush-limiting circuit, the switch carries the full load cur- 


rent during normal operation. 


Passive circuit limits inrush current. 
Transmitter senses triple 
relative-humidity figures 
Latching light detector is frugal 
with power and parts 
High-speed peak detector uses 
ECL comparator 

Simple FIFO provides data-width 
conversion 

Measure open-circuited cables 
using a multimeter. 

Circuit measures true-rms 

and average value 


Flectronic-potentiometer system 
has pushbutton interface .. 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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ably reduced. 


In this inrush-limiting circuit, the current rating of the switch is consider- 


The circuit in Figure 2 lim- 
its the inrush current to a 
safe value of approximate- 
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relay’s changeover contact either short- 
circuits R, when the capacitor is suffi- 
ciently charged or connects R, across the 
capacitor to speed its discharge in the off 
condition. For jitter-free operation of the 
relay, you need suitable hysteresis be- 
tween closure and opening. Too little hys- 
teresis results in malfunction of the cir- 
cuit in the presence of momentary dips. 
Too much hysteresis leaves the circuit 
unprotected against heavy inrush cur- 
rents upon reclosure of the relay. You can 
incorporate suitable hysteresis by adding 
zener diode D, and resistor R, in series 
with the relay coil. The following equa- 
tions describe the operation of the circuit 
in Figure 2: 


De pickup voltage: 


Vig Vg ay. 
Cc 


Dc dropout voltage: 
Vp =I, (Rc + R3)+ Vz; 
and hysteresis: 


(Rc +R3) 


Vpce—Vp = Vep —Iz(Rc +R3), 


Cc 
where V_,, is the relay-coil pickup voltage, 
R, is the relay-coil resistance, V,, is the 
zener-diode breakdown voltage, and I, is 
the zener-diode knee current. 

Commercial-grade components have 
variations in their parameters. These 


variations can affect the dc pickup and 
dropout voltages. For minimum sensi- 
tivity to variations in V_,, R,, and I,, you 
should make R, as low as possible. Tol- 
erances in V, and R, have an insignificant 
effect on the circuit; however, I, is tem- 
perature-dependent, and its effect on 
dropout voltage is significant. Figure 3 
shows the experimental results. The pro- 
totype uses the following component val- 
ues: C=2000 wF (nonpolar), R,=360, 
R,=4.7 kQ, R,=12 kO, V,=110V, L,=3 
mA, V_,,=65V, and R.=10 kQ. 


cP 


Is this the best Design Idea in this 
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Transmitter senses triple relative-humidity figures 


Shyam Tiwari, Sensors Technology Ltd, Gwalior, India 


ative-humidity sensor and ra- 
dio transmitter. Sensors 1 and 
2 form two gated oscillators with natu- 
ral frequencies of 10 and 5 kHz, respec- 
tively, at relative humidity of 50%. The 
gated oscillators use variable resistances 
R, and R,, respectively. Together, these 
two oscillators generate FSK-modulated 
outputs at output of IC,,, Pin 6. The os- 
cillator for Sensor 3 causes switching of 
the FSK signal at IC,,. IC,,’s natural fre- 
quency is 1 kHz at relative humidity of 
50%. As the HS1101’s capacitance 
changes from 160 to 200 pF (180 pF at 
relative humidity of 50%), the oscillator 
frequencies change by approximately 
*+20% for relative humidity of 0 to 
100%). You can tune the RF generator, 
IC, ,, to the desired frequency of 27 to100 
MHz for FM transmission. The following 
represents various ways to monitor the 
signals at the receiver end (not included 
in the design): 
® Sensor 3 signal is the FSK-modulat- 
ed signal at the receiver: 1 kHz+20% 
for relative humidity of 0 to 100%. 
@ Sensor 1 signal is the top FSK fre- 
quency, 10 kHz, on the carrier wave. 
It measures 10 kHz+ 20% for relative 
humidity of 0 to 100%. 


T HE CIRCUIT IN Figure 1 is a triple, rel- 
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Using FSK modulation, you can generate three independent relative-humidity measurements with 


one circuit. 


@ Sensor 2 signal is the bottom FSK 
frequency, 5 kHz, on the carrier 
wave. It measures 5 Khz+20% for 
relative humidity of 0 to 100%. 

@ The difference between the top and 
the bottom FSK modulating fre- 
quencies provides the difference in 
the relative-humidity signals. 

You can replace the Sensor 3 circuit 

with any TTL oscillator circuit with a 
range of 100 Hz to 1 kHz. You can then 


generate the frequency from any other 
type of sensor. This frequency then be- 
comes available at the receiver without af- 
fecting the relative-humidity signals from 
sensors 1 and 2. You can even use a TTL- 
based ASCII output to replace the Sensor 
3 circuit to pass the ASCII data along with 
relative-humidity signals. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Latching light detector is frugal 
with power and parts 


Anthony Smith, Scitech, Biddenham, Bedfordshire, UK 


for the humble LED. The circuit in 

Figure la forms a simple light detec- 
tor that latches and turns on an LED 
when the ambient light exceeds a preset 
limit determined by potentiometer P.. 
LED D, is both the indicator and the light 
detector. All junction diodes exhibit some 
degree of photosensitivity. Light-emit- 
ting diodes are photovoltaic in that they 


Te IDEA DEMONSTRATES three USES 


generate a small voltage in response to 
light with suitable spectral content. Pro- 
vided that they have light loads, some 
LEDs can generate more than 1V in ade- 
quate light conditions. The Q,-Q, differ- 
ential pair acts as a comparator. At low 
light levels, the photovoltage that D, gen- 
erates is lower than Q,’s base voltage, V,,., 
and Q, and Q, are both off. When the 
light falling on D, exceeds the threshold 


i NI MLIM 


that P, sets, Q, begins to conduct, there- 
by biasing the second LED, D,, which acts 
as a voltage reference (the third function 
of an LED). Q, now turns on, sourcing 
current to D,, which illuminates. 
Regenerative action around Q, and Q, 
ensures that the circuit makes a rapid 
transition into the latched state. The cir- 
cuit stays latched, and D, remains illu- 
minated even if the light level falls below 


This circuit avoids trip-point changes as a function of supply voltage (a). A modification works from slightly higher supply voltages (b). 
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the trip point. You can reset the circuit by 
short-circuiting D,. Because Q, is off in 
the unlatched state, D,’s only load is R, 
and Q,’s base current. Provided that Q, 
has adequate beta and R, is fairly large, 
the loading is negligible. You can use R, 
and C, to reduce D,’s sensitivity and pro- 
vide a degree of filtering. You may need 
such filtering in noisy environments, 
such as monitoring the light from fluo- 
rescent tubes. With adequate forward 
current, most green LEDs drop approxi- 
mately 1.7V, so, in the latched state, ap- 
proximately 1V appears across R,. A val- 
ue of approximately 3300 sources 3 mA 
into D,, providing adequate brightness. 
For obvious reasons, you should not ex- 
pose the voltage-reference LED, D,, to 
light. If necessary, you can omit D, by 
modifying the circuit (Figure 1b). For 
battery-powered applications, the values 
of R,, R,, and P, should be fairly large to 
ensure minimal current drain in the un- 
latched condition. If you need a broad 
threshold range, you should select the 
values to provide a range of V,,, from ap- 
proximately 0.6 to 1.4V. 


You need to experiment to find the op- 
timum LED to act as photodetector. Tests 
on more than 50 LED color samples pro- 
duced a range of unloaded output volt- 
age varying from a low of 135 mV to 
more than 1V in overcast sunshine. A 
green LED with a clear lens produces al- 
most 1.5V on a dull afternoon. The cir- 
cuit can work from supply voltages as 
low as 3.3V, guaranteeing operation from 
three cells. In the off state, current drain 
is minimal. The circuit in Figure la con- 
sumed just 88 A in the unlatched state. 
Although simple and effective, the circuit 
suffers the disadvantage that its trip 
point varies with changes in supply volt- 
age. Also, the trip point’s lower limit can- 
not be less than the 600 mV or so to bias 
Q, and Q,. The circuit in Figure 2a reme- 
dies these problems. The circuit uses 
IC,’s internal bandgap reference to gen- 
erate a stable threshold. Because the 
MAX921 (www.maxim-ic.com) com- 
parator’s input-voltage range includes 
the negative rail, you can set the trip 
point at 0 to 1.18V (the value of the in- 
ternal reference), thus allowing D, to 


work over a wider range of light levels. 
Power requirements are minuscule. 
The circuit operates from supplies as low 
as 2.5V (the MAX921’s minimum supply 
voltage), and, in the off state, the only 
current drain comes from P, and IC,’s 
quiescent supply current. The prototype’s 
total off-state current was just 7.8 pA. 
You can use the comparator’s rail-to-rail 
output voltage at V,,,,.. as a digital signal 
and feed it to other systems to indicate 
light conditions. The comparator output 
can source more than 10 mA with little 
reduction in high-level voltage, thus al- 
lowing you to slightly simplify the circuit 
(Figure 2b). However, in this version, you 
must accommodate the voltage drop 
across D,, so the minimum supply volt- 
age becomes approximately 3V. Alterna- 
tive devices you can consider for IC, in- 
clude the Linear Technology (www. 
linear-tech.com) LTC1440 and the Tel- 
com (www.telcom-semi.com) TC1031. 


Is this the best Design Idea in this 
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High-speed peak detector uses ECL comparator 


Przemyslaw Krehlik and Lukasz Sliwczynski, Institute of Electronics, Krakow, Poland 


ers often use peak-detector circuit 

sin such applications as amplitude 
measurement, automatic gain control, 
and data regeneration. You can 
build a simple and fast peak de- 
tector from a serial diode and a shunt ca- 
pacitor, but it suffers from serious inac- 
curacy that stems from the diode’s 
forward-voltage drop. On the other hand, 
precise detectors based on op amps are 
rather slow. They are therefore not well- 
suited for measuring pulses of a few 
nanoseconds’ duration. The circuit in 
Figure 1 offers both good accuracy and 
good dynamic performance. The main 
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This circuit uses an ultrafast ECL-output comparator to measure the peak value of input signals. 
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part of the detector is the ultrafast 
MAX9690 (www.maxim-ic.com), ECL- 
output comparator. Because 
the circuit does not internally 
pull down the output emitter follower, 
you can use the circuit as a rectifier that 
charges capacitor C,. The circuit ampli- 
fies and level-shifts the voltage from the 
capacitor and feeds it back to the nega- 
tive input of the comparator. When the 
signal appears at the peak detector’s in- 
put, capacitor C, charges until the feed- 
back voltage at the comparator’s negative 
input becomes equal to the peak value of 
the signal under measurement; thus, the 
peak detection occurs. The second op 
amp forms an output buffer. 

In this design, the measured peak volt- 
age should be 0 to 2.5V. The detector’s ac- 
curacy depends on the pulse duration 
and duty cycle. For example, 1V rectan- 
gular pulses having 3-nsec duration and 
5% duty cycle produce 5%-low readings. 
Similar inaccuracy occurs for 10-nsec 
pulses having 0.1% duty cycle. The ac- 
curacy is much better for longer pulse 
durations, greater duty cycles, or both. 
The circuit measures pulses lasting for 
some tens of nanoseconds and having 


-_ ice a 


The circuit in Figure 1 yields a dc value equal to the positive peak of the input signal. 


repetition frequency of approximately 1 
MHz. To deal with pulses having a lower 
repetition rate, you should increase the 
values of C, and C,. That increase would, 
however, result in longer settling time. 
Another important element is the dis- 
charging resistor, R,. A value of 100 kO 
for R, is appropriate for operation with 
low-duty-cycle pulses, but you may need 
lower values for fast tracking with vary- 
ing input-signal amplitudes. You can also 
configure a minimum-value peak detec- 


tor. In this case, you should use the in- 
verting output of the comparator and 
also reconfigure the amplifier/shifter for 
inverting operation. Figure 2 shows an 
example of the circuit’s operation. The 
circuit correctly measures the peak val- 
ue of the applied input signal, although 
the input pulses are quite short and have 
nearly triangular tips. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Simple FIFO provides data-width conversion 


David Lou, Ghent University, Ghent, Belgium 


ANY DESIGNS REQUIRE FIFO elastic 
MV buffers to form a bridge between 

subsystems with different clock 
rates and access requirements. However, 
in some applications, you need FIFO 
buffers for data conversion. One 
example is the case in which you 
need to connect an 8-bit ADC to a 16-bit 
data-bus microprocessor through a FIFO 
buffer (Figure 1). Unfortunately, most 
currently available FIFO buffers are un- 
suitable for this application. This Design 
Idea describes how to implement a com- 
mon clock (synchronous version) for an 
FPGA-based FIFO for data-width con- 
version with different-width read and 
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write data ports. You can implement this 
FIFO using a Xilinx (www.xilinx.com) 
Spartan II Series FPGA. The method uses 


an on-chip DLL (delay-locked-loop) 
macro, distributed memories, and simple 
counter logic (Figure 2). 


RESET 


This block diagram is an example of a system using a FIFO between an ADC and a microprocessor 


chip. 
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The width of the input data of the 
FIFO is 8 bits; however, the width of the 
output data is 16 bits. You use only one 
common clock for both read and write 
actions. The trick is to use a clocked 
DLL, which not only minimizes clock 
skews, but also offers a double-frequen- 
cy output clock. So, you can implement 
a double data rate for the input data, 
write_data_in. By monitoring a sample 
of the DLL output clock, the 
DLL can compensate for the 
delay on the routing network, efficient- 
ly eliminating the delay from the exter- 
nal input port to the individual clock 
loads within the device. Instead of using 
block memory, this design employs dis- 
tributed memory to hold the data in 
FIFO. In fact, choosing block memory or 
distributed memory depends on how im- 
portant this FIFO is in your system. If it 


This FPGA uses an on-chip DLL, distributed memo- 
ry, and simple counter logic. 


is not critical, you may want to consider 
using distributed memory. 

You can put the memory anywhere 
you like within the FPGA. If you insist on 
using block memory, you can easily mod- 


ify the VHDL code. You can just use 
some RAM macros to replace distrib- 
uted memories. You can download the 
VHDL code for the FIFO from the 
Web version of this Design Idea at 
www.ednmag.com. FIFOs commonly 
use Gray-code counters or linear- 
feedback shift registers as read or write 
counters. To minimize the logic size, 
this design uses only two integers 
ranging from 0 to 7 together with a 
carry for the counters. When the read 
and write counters are equal and the 
carry is zero, the FIFO is empty. When 
the write counter plus one is equal to 
the read counter and the carry is one, 
the FIFO is full. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Measure open-circuited cables using a multimeter 


Ron Duffy, Agilent Technology, Colorado Springs, CO 


pacitance-measurement capability 

to measure the length of wire or ca- 
ble to an open circuit. The capacitance of 
a pair of wires (or a wire to a shield) is di- 
rectly proportional to the length of the 
wire. If you know the capacitance per foot 
of wire, then you can calculate how far it 
is to the open circuit. To determine the 
capacitance per foot, take a trip to the 
hardware store, use a known length of 
wire, and measure the capacitance with 
the multimeter. You must zero the mul- 
timeter’s capacitance function before 
making any measurements. To zero the 
meter, select the capacitance function 
and separate the leads. Then, make the 
measurement and simply divide the total 
capacitance of the wire or cable by the to- 
tal length to determine the capacitance 
per foot. Once you have this figure, and 
youre sure that the suspect wire or cable 
carries no power or signals, you can 
measure the capacitance, C. The wire 
length in feet to the open circuit is C di- 


y OU CAN USE A MULTIMETER with ca- 
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Total Total 

capacitance _ length 
Type (nF) (ft) 
Twisted pair, 18 gauge 41 1100 
16-3 SJ 0.1 5 
Category 3 phone, PVC 21.6 1000 
Category 3 phone, plenum 22.1 1000 
14-2 NMB 5.26 250 
16-gauge speaker 0.98 30 
18-gauge speaker 0.91 30 
24-gauge speaker 1.69 75 
20-gauge twin lead 0.68 100 
RG-6 0.47 25 
RG-8 
RG-25 
RG-59 


vided by the capacitance per foot. 

The resolution depends on the range 
and resolution of the multimeter. The 
lowest range of a multimeter is usually 10 
nF. The resolution in that range is 10 pF. 
The multimeter steps up by a factor of 10 
each time it changes range. The higher 
ranges allow you to measure longer wires, 
but, as Table 1 shows, the resolution de- 


Capacitance 
per ft Resolution Range 
(pF) (in.) (ft) 
37.3 32.2 2682.9 
20 6 500 
21.6 55.56 4629.6 
22.1 54.3 4524.9 
21 5.7 475.3 
32.7 3.67 306.1 
30.3 3.96 329.7 
22.5 5.33 443.8 
6.8 17.65 1470.6 
18.8 6.38 531.9 
29.5 4.07 339 
50 24 200 
21 5.71 476.2 


creases by a factor of 10 for each higher 
range. (Note the measurements on wires 
longer than 1000 ft.) All but the last three 
entries in Table 1 measure the lengths of 
wire or cable and then calculate. The last 
three entries are from a coaxial-cable 
chart. 

Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Circuit measures true-rms and average value 


Charles Kitchin and Lew Counts, Analog Devices, Wilmington, MA 


both the true-rms value and the rec- 

tified average value of an ac signal. 
This design uses two low-cost ICs in 
SOIC packages and consumes only 180 
A of quiescent current. Operating from 
a single 5V supply, the circuit has an in- 
put dynamic range of less than 30 mV to 
greater than 3V rms. Sine-wave 
accuracy is good (Table 1), and 
bandwidth is approximately 100 kHz, de- 
pending on input level. The circuit can 
also measure a 1V rms, crest-factor-of- 
five pulse train with lower than 1%-of- 
reading error. Most ac measurements use 
rectified-average-value circuits. Although 
these can be accurate if you calibrate their 
scale factor to read the rms value of one 
waveform, such as a sine wave, they ex- 
hibit large errors if you use them for oth- 
er waveform types. In contrast, the rms 
value of an ac signal is the amount of dc 
required to produce an equivalent 
amount of heat in the same load. There- 
fore, the rms value is independent of 
waveform shape or duty cycle; it’s often 
useful for measuring the power of acom- 
plex ac waveform. 

Average-responding and rms meas- 
urements have traditionally used differ- 
ent circuits. However, in some cases it 
may be useful to know both the rms and 
the rectified average value of an ac wave- 
form. The ratio of rms to rectified aver- 
age value is one way to determine the 
characteristics of a waveform without ac- 
tually seeing it on an oscilloscope. For ex- 
ample, the rms/average-value ratio is 
0.707V/0.636V or 1.11 for a 1V peak 
undistorted sine wave, 1.0 for a symmet- 
rical square wave, 1.155 for a triangular 
wave, and 1.253 for Gaussian noise. An 
AD737 rms-converter IC drives an 
AD8541AR micropower op amp (Figure 
1). Resistors R, and R, form a voltage di- 
vider to allow operation from a single 
supply voltage or battery. Capacitors C, 
and C, bypass any signal currents on V_,. 
or V_,/2 to ground. The rms-converter 
IC has two inputs: a high-impedance 
(107Q) input (at Pin 2) and an 8-kQ, 
wide-dynamic-range input via Pin 1. The 
rms converter’s full-scale input range is 


T* CIRCUIT IN Figure 1 measures 
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You can measure both true-rms and average-rectified values with this circuit. 


Vin Vou rms a Vour 
(rectified average value) 
3 2.9999 2.6762 
1 1.0027 0.8947 
0.3 0.30201 0.2698 
0.1 0.10082 0.09947 
0.03 0.0296 0.02956 


Note: V,, is in ac volts rms as monitored by 
Keithley 191 in ac mode. Supply=5V dc. 


normally 200 mV. You can greatly in- 
crease this range by adding an external re- 
sistance—in this case, resistor R, and 
trimming potentiometer R,—between 
the signal input and Pin 1. This addition 
has the added advantage of increasing the 
circuit’s input impedance. 

The AD737JR measures the true-rms 
value when switch S, connects its aver- 
aging capacitor, C,,, to Pin 5. The aver- 
aging capacitor performs the “mean” por- 
tion of the rms function. Removing C,, 
by opening S, converts the circuit to rec- 
tified-average-value operation. Resistor 
R, allows a small leakage current to flow 


past the switch, keeping the capacitor 
charged and preventing any large surge 
currents from flowing into or out of C,, 
when the switch is closed. The AD737JR 
drives the AD8541AR op amp with a 
negative-flowing output current. The op 
amp operates as a current-to-voltage 
converter and also inverts the signal, pro- 
viding an output voltage that swings 
more positive with increasing input lev- 
els. Resistor R,’s value of 80.6 kO match- 
es the effective input resistance of the 
AD737 (RI+R,+8 kQ), so that 
input/output scaling is 1-to-1. Resistor R, 
and trimming potentiometer R, cause a 
current to flow from the supply to the op 
amp’s summing junction. This action off- 
sets the op amp’s output, such that the 
circuit’s output is approximately OV with 
no voltage applied. Note that this circuit 
has a maximum supply-voltage limit of 
5.5V; you can extend operation to 12V by 
substituting an OP-196GS op amp for the 
AD8541AR. Circuit calibration is easy: 

Adjust trimming potentiometer R, to 
mid-scale and set S, for rms. 

1. Apply a 2.000V rms, 1-kHz sine- 
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wave input signal. 

2. Adjust R, until the circuit’s output 
voltage is 2.000V de. 

3. Reduce the input to 100 mV rms 
and adjust offset trimming poten- 
tiometer R, for a reading of 100 mV 
dc. 

4. Repeat Step 2. 

Because the dc-offset circuitry is ratio- 
metric, it remains calibrated with modest 
variations in supply voltage. The meas- 
ured power-supply-rejection ratio of this 


circuit over a 4.5 to 5.5V supply range is 
approximately 61 dB. The measured er- 
rors versus crest factor for a 5V supply 
and a 1V rms, 100-wsec pulse are: crest 
factor=3, error=0.67%; crest factor=5, 
error=0.98%; and crest factor=10, er- 
ror=4.7%. Some additional points to 
consider: The peak rms value of a sine 
wave is 0.707V peak, and the peak recti- 
fied-average value is 0.636V. This ratio of 
0.707V-to-0.636V is equivalent to an 11% 
scale-factor difference between the two 


measurement methods. If you want this 
circuit to accurately read the rms value 
for sine waves in the rectified-average- 
value mode, S, can be a two-pole switch. 
The second pole can connect a 523-kQ, 
1% resistor in parallel with R, to increase 
the scale factor in the average-value 
mode. However, the true rectified-aver- 
age value is more useful in most cases. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Electronic-potentiometer system 
has pushbutton interface 


Gene Warzecha and Roger Griswold, Maxim Integrated Products, Sunnyvale, CA 


S SYSTEMS GROW SMALLER, it be- 
comes increasingly attractive 
to replace mechanical poten- 


tiometers with electronic potentiometers, 
which are smaller and less expensive sil- 
icon equivalents. A common interface for 
such devices comprises a Chip-Select, In- 
crement and, Up/Down line. CS activates 
the device and, on a rising edge of INC 
steps the wiper in a direction that the 
U/D pin indicates. The simple circuit of 
Figure 1 uses two pushbuttons—one for 
up and one for down—and a few tiny sil- 
icon devices to implement a debounced, 
ESD-protected electronic-poten- 
tiometer system. The normally 
open pushbutton switches feed 
into the MAX6817, an ESD-protected 
switch debouncer in an SOT-23 package. 
It has internal pullup resistors on the in- 
puts and buffered, noninverting CMOS 
outputs. In the absence of a switch clo- 
sure, the normally open switches hold the 
MAX6817 outputs high. In turn, that 
condition ensures a low state for the ac- 
tive-low, push-pull output of the 
MAX6308, an SC70 reset device with two 
reset inputs that are independent of the 
Voc Pin. 

The reset device must have extra reset 
inputs rather than a manual-reset input, 
because the glitch-immunity protection 
of manual-reset inputs is not adequate to 
guarantee proper operation. The MAX- 
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Closing either pushbutton in Figure 1 increments the potentiometer’s output in a direction that the 


MAXS161's U/D input indicates. 


5161 is a 32-tap, linear-taper electronic 
potentiometer in an SOT-23 package 
with the standard INC-U/D interface. 
(The electronic potentiometer pulls the 
CS input high internally.) Its setup re- 
quirement is 50 nsec, meaning that the 
U/D signal must be stable for 50 nsec pre- 
ceding a rising edge at the INC pin. The 
transient-filtering circuitry internal to 
the MAX6308 introduces a delay that sat- 


isfies the setup requirement. The delay, t, 
is typically 10 to 30 psec (Figure 2). INC 
goes high again only after the reset time- 
out interval expires. For the MAX6308, 
that interval (t,,,.,.,) is factory-preset with 
a value as short as 1 msec. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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RF oscillator uses current-feedback op amp 


Victor Koren, Tioga Technologies Ltd, Tel Aviv, Israel 


well-known component 

with many uses. Its basic 
block diagram shows that its input stage 
is a voltage follower—in practice, a sym- 
metrical emitter follower (Figure 1). The 
configuration samples the output cur- 
rent, converts it to voltage across a large 
impedance, and amplifies it to the output 
using a high-power, low-output-imped- 
ance amplifier. The idea is to use the am- 
plifier’s input stage as a voltage follower 
in a basic Colpitts oscillator. This circuit 
uses the noninverting input of the cur- 
rent-feedback amplifier as the follower 
input and the inverting input of the am- 
plifier as the follower output. You use the 
output amplifier to obtain a relatively 
high-power buffered output. The circuit 
in Figure 2 shows a basic Colpitts oscil- 
lator that uses the amplifier’s input-volt- 
age follower as the active element of the 
oscillator. 

Take note of two aspects of this oscil- 
lator circuit: First, back-to-back diodes 
connect across the resonator to limit the 
oscillations to a specific level, thus main- 
taining the linearity of the voltage fol- 
lower. Second, the voltage follower out- 
put connects to the resonator tap through 
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RF oscillator uses 
current-feedback op amp 


Simple tester checks LCDs. 


Circuit drives mixed types 
and quantities of LEDs. 


MOSFET serves as ultrafast 
plate driver 


Parallel port provides high- 
resolution temperature sensing. 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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In a typical current feedback amplifier, the 
input stage is a voltage follower. 


resistor R,,. to improve the linearity and 
define the feedback magnitude. The val- 
ue of R,.., 330Q, lets you obtain soft 
clipping operation of the diodes across 
the resonator (V,,,=1V p-p, which is 
0.5V peak across each diode). Figure 3 
shows V,,,.. the measured voltage at the 
top of the resonator. R,, is the amplifier’s 
feedback resistor; the amplifier’s manu- 
facturer recommends its value. This de- 
sign uses the LM6181 from National 
Semiconductor (www.national.com), 
and the value of R, is 1 kQ. 

It is easy to calculate the output volt- 
age: V.s=1V p-p, and V,...=Vars= lV p- 
p. The voltage-buffer gain is unity: 


BAV99 


V(Rocc) = Vinv~ V ges! 2+ The voltage at the 
resonator tap is Vers! 2s because the res- 
onator capacitors are equal in value. 
V(Rosc)= Vinus~ Vans! 2=0-5V p-p- (Risen) 
V(Rocc)/Rogc (Ry) =1(Ro.,)- The neg- 
ative feedback nulls the amplifier’s in- 
verting-input current. V,,,=V(R,) 
+V o=R,XU(R,) +V ,.y= 1000 (0.5/33 
0)+1=2.51V p-p. If you need more volt- 
age, you can add R.—in this case, 
100Q0—from the inverting input to 
ground. I(R,)=V,,,/R,. Now, the cur- 
rent through R, is the sum of the currents 
through R,,,. and R,. So, V,,,,=V(R,) 
+V y=R,X1(R,) +V y= 1000 (0.5/33 
0+1/100)+1=12.51V p-p. Figure 4 
shows the measured output voltage. 
The LM6181’s maximum output cur- 
rent is 100 mA, so it can easily drive a cur- 
rent of +63 mA p-p (+6.3V/100Q) into 
a total load of 100© (500 output-termi- 
nation resistor and 50Q) load resistor). 
The voltage across the 50. load is 3.15V 
peak, or 2.23V rms, which is close to 20 
dBm (100 mW). This power level can di- 
rectly drive high-level diode double-bal- 
anced mixers, or it can drive a higher 
power amplifier while delivering a clean 
sinusoidal waveform. You can modify the 


resonator circuit to accommodate differ- 


This Colpitts oscillator uses a current-feedback amplifier to provide a clean sinusoidal output. 
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ent tuning elements. You can use the cir- 
cuit as a crystal oscillator by changing the 
inductor to a crystal and changing the 
resonator capacitors to an appropriate 


Tek Run 


value, such as 268 pF. You need a high- 
value, such as 10-kQ, bias resistor from 
the noninverting input to ground to pro- 
vide bias current to this input. 


Irig'd 


design 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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The Colpitts oscillator in Figure 2 produces a pure 
sinusoidal output. 


Simple tester checks LCDs 


D Prabakaran, NL Polytechnic College, Tamil Nadu, India 


ANUFACTURERS of electronic 
Mi equipment use LCDs for calcula- 
tors, watches, mini-videogames, 
and pagers, for example. In com- 
parison with LED-based displays, 
which consume power on the order of 
tens of milliwatts, an LCD consumes only 
a few microwatts. The LCD thus saves 
power by a factor of approximately 1000. 
Checking an LED is as simple as check- 
ing a semiconductor diode but, in the 
case of LCDs, involves some added com- 
plexity. An LCD requires an ac electric 
field to excite the organic compound in 
the display. Applying a dc voltage could 
permanently damage the LCD. The cir- 
cuit in Figure 1 is a simple configuration 
to test the performance of an LCD. The 
circuit produces biphase square waves 
with negligible dc content. The circuit is 
based on a CD40106 hex Schmitt-trigger 
inverter. The circuit comprises an oscil- 
lator, IC, ,; a phase splitter, IC, ,; and a pair 
of buffer/drivers comprising IC, /IC,,, 
and IC, ,/IC,,.. 
The buffers and drivers connect to test 
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PROBE 1 


PROBE 2 


This simple circuit tests LCDs by producing a biphase square wave with no dc component. 


probes through 47-kQ series resistors, 
which protect the IC in the event of short 
circuits. With the component values 
shown in Figure 1, oscillator IC,, pro- 
vides a square-wave frequency of ap- 
proximately 45 Hz. The circuit can oper- 
ate from 3 to 5V. To test any segment of 
an LCD, touch the backplane using either 
of the two test probes while touching the 
segment with the other probe. If the seg- 


ment under test is operational, it will 
light up. If the LCD under test is a mul- 
tiplexed type, then all segments, which 
are connected, will glow if they are oper- 
ational. Usually, the rightmost or leftmost 
connection is the backplane of the LCD. 
If it is not, you have to find it by trial and 
error. 

Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Circuit drives mixed types and quantities of LEDs 


Mark Pearson, Maxim Integrated Products, Sunnyvale, CA 


ORTABLE SYSTEMS OFTEN use 
? LEDs of different colors and 
in varying quantities of each 
color. Some examples are white for 
the display backlight, green for 
keypad illumination, and red for 
power. Typically, the LEDs derive 
power from at least two power 
supplies: one for “standard” LEDs 
(red and green) and one for white 
LEDs. (White LEDs exhibit 
a higher forward voltage.) 
The keypad and other indicator 
LEDs have current-limiting resis- 
tors associated with them. To 
eliminate these resistors and drive 
groups of dissimilar LEDs from 
the same source, you can regulate the cur- 
rent through multiple strings. Four 
strings of varying LED types derive pow- 
er from a single power source (Figure 1). 
The circuit mixes LEDs of different for- 
ward-bias requirements, yet keeps the 
loads reasonably well-balanced through 
use of a current mirror comprising tran- 
sistors Q, through Q.,. It also eliminates 
the need for a separate current-limiting 
“ballast” resistor on each LED or 
string of LEDs and provides a 
common control point (IC,’s ADJ pin) 
for adjusting the LED intensities. 
Transistors Q, through Q, mirror the 
current in the diode-connected transis- 
tor, Q,. Note that the Q, current-set string 
(LEDs D, through D,) should have an 
equal or larger voltage than that of sub- 
sequent LED strings. (If it doesn’t, the 
current-mirrored strings may have too 
little voltage overhead to function prop- 
erly.) You can easily meet that require- 
ment in the first string by placing either 
LEDs with larger forward voltage drops, 
such as the approximate 2.8 to 3.7V range 
of white LEDs, or more similar LEDs. 
Then, the circuit can easily accommodate 
the subsequent strings with lower voltage 
burdens. The matched-transistor current 
mirrors maintain a constant and equal 
current in all LEDs, regardless of quan- 
tity and type. That configuration allows 
the use of a single power supply and a sin- 
gle point for adjusting LED brightness. 


86 EDN | OcToBER 3, 2002 


Voc 
2.7 TO 5.5V 


li D 
10 pH 


1 
MBRO540T1 


Ce 
dla 


Dp 
24V ZENER 
CMPZ5253B 


Voc Li 
2.7 TO 5.5V 


MBRO540T1 


LED LED LED LED 
STRING STRING STRING STRING 
al 2 3 4 


STANDARD. STANDARD- 
‘aS COLOR AX COLOR 
LEDs LEDs 
NS 
mY 
NS 
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Modifying Figure 1 as shown reduces the overall power dissipation in a standard application. 


Any power difference between the refer- 
ence string and a mirrored string dissi- 
pates in the current-mirror transistor for 
that string: =P (transistor) = 
(Vour—300MV—V, ..) XTiepaaxe The 
current-sense resistor value is R,=300 
MV/L coax Where L pyyax is the sum of 
currents from all the strings. (For a com- 
prehensive circuit and parts list, refer to 
Maxim’s MAX1698 (www.maxim-ic. 
com) EvKit data sheet.) 

When driving the same LEDs without 
the current mirror, you can reduce pow- 
er dissipation in the sense resistor and 
ballast resistors by substituting a mi- 
cropower op amp across the current- 
sense resistor (Figure 2). That circuit im- 


MAX 


proves efficiency by reducing the resistor 
values and their associated loss. Increas- 
ing the gain of the current-sense signal by 
approximately 16 allows an equivalent re- 
duction in the value of R, and the ballast 
resistors. A typical value for R, is 150, 
which represents a loss of 18 mW: (20 
mA)?X15Q, for each of three resistors. If 
R,=R,=R,=0.9310, then the resistor 
power loss drops to 1.12 mW. The op 
amp draws only 20 pA maximum, which 
represents a dissipation of 100 pW. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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MOSFET serves as ultrafast plate driver 


Clive Bolton, Bolton Engineering Inc, Melrose, MA 


20-MHz square wave across a set of 

highly capacitive ion-deflection 
plates in an experimental instrument. To 
get the required deflection, the plate volt- 
age must be 20 to 30V, much higher volt- 
age than conventional logic or driver 
families can provide. To minimize arti- 
facts, the rise and fall times must be very 
fast, with a minimum of overshoot and 
ringing. Identical circuits, phased 180° 
apart, drive the plates. The driver uses a 
Directed Energy (www.directedenergy. 
com) DEIC420 high-speed MOSFET 
gate driver to drive a 1000-pF capacitive 
load from 0 to 25V in less than 5 nsec. 
With smaller loads of a few hundred pi- 
cofarads, the rise time decreases to ap- 
proximately 3 nsec. Series resistors R, and 
R, control the output rise and fall times, 
allowing you to trade off the rise and fall 
times against overshoot and ringing. 
A high-speed Analog Devices (www. 


T: CIRCUIT IN Figure 1 provides a 


12 TO 25V POWER SUPPLY 


analog.com) ADUM1100BR ferromag- 
netic signal isolator prevents system 
ground loops by providing dielectric iso- 
lation for the input signal; you could also 
use high-speed optocouplers. A low-pow- 
er MC78L05CD regulator provides pow- 
er for the signal-isolator output stage. 

A snubber network, composed of a 
thin-film, high-power resistor R, ina TO- 
220 package and high-quality NPO ca- 
pacitors C, and C,, terminates the load 
at the plates. You empirically determine 
snubber values by observing the radiat- 
ed field on an RF spectrum analyzer us- 
ing a passive RF probe. You “tune” the 
snubber network to reduce higher order 
signal harmonics. Note that placing an 
oscilloscope probe on the outputs signif- 
icantly increases the observed higher or- 
der harmonics, indicating that adding the 
probe to the circuit increases ringing and 
overshoot. The DEIC420 is mounted in a 
high-speed, high-power package that 
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minimizes lead inductance. The part re- 
quires multiple bypass capacitors at each 
of its power pins. You should choose the 
capacitors so that their self-resonant fre- 
quencies do not significantly overlap. 
Having a full ground plane and using 
high-speed and RF-signal-layout tech- 
niques are critical to the proper operation 
of this circuit. The input must be well- 
isolated from the output. Double-puls- 
ing, ringing, and even oscillation may oc- 
cur if you don’t strictly follow these 
practices. The tracks or cabling between 
the driver and the load should be im- 
pedance-controlled and should be as 
short as possible. The DEIC420 requires 
good heat-sinking when you operate it at 
high speeds and high voltages. When op- 
erating at 20 MHz froma 25V supply, the 
two drivers and snubber together dissi- 
pate 130W. 

Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Parallel port provides 
high-resolution temperature sensing 


Martin Connors and Mike Foote, Athabasca University, AB, Canada 


IGH-RESOLUTION temperature sens- 
ing at low cost is possible using only 


The DS1722 connects to a PC's parallel port 
through a male DB-25 connector, seen from the 
pin side. 


one chip attached to the PC’s 
parallel port (Figure 1). The Dal- 
las Semiconductor (www.dalsemi.com) 
DS1722 digital thermometer allows 
measurement resolution as fine as 
0.0625°C in digital form and with linear 
response. The accuracy specification is 
only 2°C, but you can improve this figure 
by careful calibration. Moreover, the ac- DS1722 
curacy spec is unimportant in applica- pee a Cig) 
tions in which you measure only changes 2GE SERIE 7 
in temperature or in which you must ie il 


wire or SPI interface, and the cost is ap- 
proximately $1. The eight-pin part is 
available in SO or wSOP packaging and 
in large quantities as a flip-chip measur- 
ing only about 1 mm sq. 

In this application, the chip attaches 
directly to the PC’s parallel port through 
a male DB-25 connector. Because the de- 
vice draws a maximum of 0.5 mA, the 
port can supply the power, and its sup- 


closely maintain a noncritical tempera- 
ture. The measurement range is —55 to 
+120°C, the part can use either three- 


4 GND SDO 5 


ply range tolerates variations in voltage 
levels that may exist on varying ports. 
= The chip is in SPI mode with the SCK 


#include <stdio.h> 
#include <dos.h> 
#indude <conio.h> 
#include <process.h> 
#include <alloch> 


#define SCK 
#define PCSDI 


/* adjust these to match the CPU speed */ 
#detine DELTIME 10000 
adatine SECDELA 10000000 


vold dodelay(long): 
vold outportd(unsigned char); 
int dport.sport; 


void main(void) 
{ 


char MSB8; /* note this is signed */ 
void outportd(unsigned char outbyte); 
int 1j.it; 

float T; 


/* LPT! port addresses */ 
I(\(dport = peek(0x40,0x08))} 


sport = dport + 1; /* status port address */ 


outportd(OPERATE&~SSOUT); 


printi( hit key to stop list\n"); 
transter(0x#0,0x€8); /* Initialize 051722 */ 
for(j=0j<20j++) 

{ if{kbhit)) break; 


/* initialize the Printer DATA Port for PIC operation */ 
/* includes putting SCK in the neutral 0 position: ~ is bitwise negation */ 


@define VOD _ON 0x0! /* power to PIC through VDD_ON on pin 2 (D0) */ 
0x02 /* serial dock for SPI provided by PC 8 */ 

#define PCSDO = 0x04 /* serial data out from PC on Data bit2 = */ 
0x20 /* note this is om Status register (bit 1) */ 

define SSOUT 0x40 /* CE, active high, mot low as for PIC SPI */ 
define MCLR Hi 0x80 /* MCLR* on pin 9 (Data bit 7) normally bigh */ 
#define OPERATE VDD_ON | MCLR_Hi /* normal operation of 051722 


/* settling time after transfers */ 
/* to get about Issampling ‘*/ 


unsigned char LS8,transfer{unsigned char.unsigned char); 


{ printi(’\n\n\nLPT! not available. aborting\n\m\m"); exit(1); } 


PUA conlig Wi“ tenatepeny: SedelaySECRELy 


“ 


LISTING 1-TURBO C FOR DATA-TRANSFER CYCLE 


printh{(” LS8 %X: "\LSB=<transfer(Ox01,0)}); dodelay(SECDELA): 
printi(” MSH %X: "MSB<transfer(0x02.0)): dodelay(SECDELA); 
printi"T*610.4f\n",T-MSB+(foat}LSB/256.); 

; /* for loop */ 


unsigned char transfer(unsigned char outbyte,unsigned char outdata) 
{ /* output address byte om Data2, data byte, getting inbyte on Statuss */ 
unsigned char outmask,inbyte,statusmask: 


int ibit; 
inbyte-0x00; 
/* raise SSOUT for 2 byte transfer, SCK also in lowered neutral position */ 
outportd(OPERATE|SSOUT): 
for{ibit~o -ibit<B Abit + +) /* output outbyte */ 
{ owtportd{OPERATEISCK|SSOUT); /* raise dock SCK */ 


outmash=outbyte£0x80; outbyte-outbyte<<1; 

ifjoutmask)outportd(OPERATEISCKIPCSDO|SSOUT}; /* output of tor */ 
else outportd{OPERATE|SCKISSOUT); /PefeenPcspo */ 

i(outmaskjoutportd(OPERATE|PCSDOISSOUT); —_/* lower clock SCK */ 
else outportd(OPERATEISSOUT); /* retaining data */ 


} 
for(ibit=0 ibét<s jibit + +) /* output outdata */ 
{ /* & input Inbyte */ 
outportd(OPERATE|SCKISSOUT); /* raise dock SCK */ 
outmask=outdets&0x80: outdsta=outdata<<1; 
H(outmask)outportd(OPERATEISCK|PCSDO|SSOUT); /* output of 1 or */ 
else outportd(OPERATE|SCKISSOUT): /Pot®onPcsDO */ 


Wioutmask)outportd(OPERATE/PCSDO|SSOUT); /* lower clock SCK */ 
olse outportd(OPERATE|SSOUT); /* retaining data */ 

Statusmask—=inportb(s port); /* read status port*/ 

statusmask—statusmask&PCSDI; /* mask input line */ 


inbyte=inbyte<<1; inbyte=inbyte&OxFt; inbyte}—statusmask>>5; 


) 

/* lower SSOUT at end of 2 byte transfer, lower SCK to neutral position */ 
outportd(OPERATES -SSOUT): 
return inbyte; 

) 


void outportd(unsigned char outbyte) 
({ dodelay(DELTIME); outporth(dport.outbyte); dodelay(DELTIME); } 


void dodelay(long dettime) 
{ lang |; for(ieo; i<dettime; i++) ;} 
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clock signal supplied by the PC; in this 
way, data-transfer timing is noncritical. 
A simple Turbo C program (Listing 1) 
running in DOS mode effects the data- 
transfer cycle in the PC, whereas the 
transfer is automatic in the chip upon re- 
ception of SCK. The routine reads a low 
byte and a signed high byte and creates a 
floating-point value by simply adding the 
low byte, divided by 256, to the high byte. 
In the highest resolution mode, which 
this design uses, a data read can occur 
only every 1.2 sec, and you should adjust 
the timing loops accordingly. You may 
also need to adjust the settling time, 
DELTIME, depending on the speed of 
the PC you use. The sample program 
prints the bytes transferred as well as the 
temperature, and you can easily modify 
it. The data sheet explains the use of the 
configuration register and changes to 
make if you need a higher data rate with 


lower resolution. You can download List- 
ing 1 from the Web version of this Design 
Idea at www.ednmag.com. 

The data transfer takes place beginning 
with the write of an address byte to the 
chip’s SDI in the order A7 to AO (high bit 
to low bit). If A7 is high, a write takes 
place; otherwise, a read occurs. For a 
write, D7 to DO route to the chip’s SDI. 
For a read, D7 to D0 are available on the 
chip’s SDO. The program always uses 
both SDI and SDO and ignores whichev- 
er it doesn’t need. For example, data goes 
to the chip’s SDI even during a read, but 
the chip ignores this data. Each byte 
transfers as 8 bits, and each transfer in- 
volves the following steps: 

1. The PC raises D1/SCK and places 0 

or 1 on D2 for the chip’s SDI. 

2. The PC then reads PAPER. 

3. Finally, the PC drops D1/SCK. 

This action repeats for each bit of the 


pair of bytes being transferred (one in, 
one out). By using the other parallel 
port’s output pins as chip selects, you 
could string together several devices. You 
can also use these pins to control a heater 
by use of a switching transistor or an 
SCR. With this scheme, you can achieve 
high-resolution temperature control 
with minimal parts and a simple pro- 
gram. Alternatively, if you need only low 
accuracy, you can implement a very-low- 
cost thermostat with this part. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Extend the input range of a low-dropout regulator 


Jeff Falin, Texas Instruments, Dallas, TX 


ECAUSE OF PROCESS limita- 
tions, all ICs have an 15V 
input-voltage limita- 


tion. This limitation can be cum- 
bersome when you try to step 
down a high supply voltage to a 
lower, regulated voltage using a 
dc/dc converter, such as a linear 
regulator. Adding a FET to the in- 
put of a linear regulator creates a 
dc/dc converter with a wider input- 
voltage range than the range of the 
regulator alone. The excess voltage 
and, therefore, power occurs in the 
FET, 

Figure 1 shows an IRF7601 n- 
channel MOSFET on the in- 
put of a TPS79228 2.8V, 
100-mA, low-noise, high-power- 
supply rejection ratio low-dropout 
regulator. R, and R, provide a bias 
voltage to the gate of the MOSFET, 
and the load current determines the 
voltage at the source of the MOS- 
FET. (In other words, the FET’s on- 
resistance adjusts to accommodate the 


Extend the input range 
of a low-dropout regulator. 


Convert your DMM to a pH meter 


AVR microcontroller makes 
improved motor controller 


Precision circuit closely 


monitors —48V bus 


PLD code reveals 
pc-board revisions 


Simple method tests cables 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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IRF7601 


TPS79228 
2.8V, 100-mA 


LINEAR REGULATOR 


You can use a MOSFET switch to expand a low-dropout regula- 
tor’s input-voltage range. 


VARIABLE-SUPPLY 
VOLTAGE 


TPS79228 
2.8V, 100-mA 


A zener diode provides fixed gate drive to the MOSFET when 
the input voltage varies significantly. 


load current.) In this example, the max- 
imum power-supply voltage is 15V, but 
the TPS79228 has a maximum recom- 
mended operating input voltage of 5.5V, 
so this design uses a MOSFET with a 20V 
breakdown voltage. 

To determine the minimum bias volt- 
age for the gate of the MOSFET, you need 
the MOSFET’s drain-current, I,,-versus- 
gate-source voltage, V.., data-sheet 
curves. For the IRF7601, the curves indi- 
cate that the device needs V_,, slightly be- 
low 1.5V for 100-mA output current. Be- 
cause the maximum dropout voltage of 
the regulator is 100 mV at 100 mA, the 
regulator’s input voltage must stay above 
2.9V. Therefore, you must bias the gate of 
the MOSFET to at least 1.5V+ 


LINEAR REGULATOR 


2.9V=4.4V. Thus, when the 
MOSFET provides 100 mA, its 
source voltage does not drop be- 
low 2.9V. The maximum gate- 
bias voltage is simply the maxi- 
mum recommended operating 
voltage for the regulator, or 5.5V. 
This voltage provides more than 
enough gate drive to provide the 
regulator’s 1 wA of quiescent 
current during shutdown mode. 
Although you can bias the gate 
between 4.4 and 5.5V, this design 
uses a bias voltage of 5V to ac- 
count for variations in the 
threshold voltage. Maximum 
power dissipation for the FET is 
100 mAX(15V—2.9V)=1.21W. 
The IRF7601, in a Micro 8 pack- 
age, can handle this power figure 
at an ambient temperature of 
7 55°C. 

The circuit in Figure 2 is 
slightly more complicated but 
may be necessary if the input 
voltage varies significantly. A zener diode 
replaces the R, in Figure 1 and provides 
a fixed gate drive to the MOSFET. You se- 
lect the output voltage of the zener diode 
in a manner similar to that explained 
above. Either of the two methods is ac- 
ceptable for creating a dc/dc converter 
with a wider input-voltage range than the 
converter IC allows. The single- MOSFET 
solution is the simplest and least expen- 
sive solution. The MOSFET biased with 
a zener diode is the best choice when the 
supply is unregulated. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Convert your DMM to a pH meter 


Bill Donofrio, Nu-Products, Cordova, TN 


acidity of a solution to control a 
process. Even inexpensive pH 
meters can be relatively costly, 
and many of the inexpensive models have 
no output that you can readily connect to 
a computer interface. A simple solution 
to this problem is to attach a pH probe 
to a high-impedance input of an op amp 
and read the output with a digital volt- 
meter (Figure 1). Then, convert these 
readings to pH units using a calculator 
that can calculate the slope of a line. To 
calibrate the system, you can use pH stan- 
dards. Generally, you would use three 
standards: 4-, 7-, and 10-pH units. These 
standards are inexpensive and available 
at any chemical-supply house. The cali- 
bration procedure is as follows: 
1. Short the input leads together and 
adjust the offset potentiometer such 
that the output reads 0 mV. 
2. Place the pH probe in each standard 
and record the output (in milli- 


| T'S OFTEN NECESSARY to know the 


This simple pH tester uses a digital voltmeter 
and a calculator to determine the slope of a 
line. 


volts) for each standard. 
3. Enter the values in your calculator 
and determine the slope of the line. 
Figure 2 shows a typical plot of pH 
versus millivolt output. (Note that pH is 
temperature-dependent; you have to re- 
calibrate if the temperature changes.) 
If you want to measure directly in pH 
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Available pH probes produce a linear slope of output voltage versus pH. 


With this circuit, you can directly measure pH units. 
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units, you can use the circuit in Figure 3. 
At approximately 24°C, the equation for 
the slope of the line is Y=—0.017X+7. 
To obtain readings in tenths of volts, you 
multiply the equation by 10. The new 
equation is 1OY=—0.17X+70. The cir- 
cuit in Figure 3 comprises three sections. 
The voltage using the LM351 provides 
the high-impedance input. The inverting 
amplifier using one-half of the LM353 
controls the slope. It multiplies the 
LM351’s output by —0.17. The other half 
of the LM353 functions as a summing 
amplifier and controls the Y intercept by 
adding 70 mV to the input signal. When 
you build this circuit, solder the BNC di- 
rectly to the op amp’s input pin. This con- 
nection prevents slightly conductive pc 
boards from affecting the impedance lev- 
els of the probe. Another point to re- 
member is to remove the pH probe from 
the unit when power is off. 

To calibrate the circuit, first short the 
inputs together and adjust the offset po- 
tentiometer to obtain 0-mV output from 
the LM351. To calibrate the circuit for pH 
units, place the pH probe into a pH stan- 
dard. Measure the voltage at the output 
of the LM351. Multiply this voltage by 
0.17 and adjust the slope potentiometer 
until the output of the second op amp 
reads this inverted (negative) value. 
Then, connect the meter to the output of 
the circuit and adjust the Y-intercept po- 
tentiometer until the circuit yields the pH 
of the standard you use. (For example, a 
pH of 10.1 reads 0.101V.) To tweak the 
circuit, place the pH probe in other stan- 
dards and adjust the Y-intercept poten- 
tiometer. Note again, if the temperature 
changes, you must recalibrate. The accu- 
racy of this circuit is generally +0.1 pH 
units. When you order pH probes, you 
should order low-impedance units. This 
circuit uses Cole-Parmer (www.cole 
palmer.com) U-59001-65 probes. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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AVR microcontroller makes 
improved motor controller 


Anthony Di Tommaso, Cranberry Township, PA, and George Simonoff, Petersburg, OH 


novel method of reading the pulse 
train using an Atmel (www.atmel. 
com) AVR processor, from a typical ra- 


T® CIRCUIT IN Figure 1 provides a 


dio-controlled receiver, and to determine 
the velocity of a motor. To capture the 
pulse train from a typical receiver, you 
need an external interrupt that triggers 


based on a rising and a falling edge. Three 
timers are also necessary: one 16-bit, free- 
running timer to determine the period of 
the input pulse and two 8-bit timers con- 


LISTING 1—MOTOR-CONTROL C LISTING 


outp{0x04, TCCRIB); Set output compare register to OxF FOO. 
outpj0xFF, OCR1AH); Not used, however. 
outp{0,OCRTAL); Set output compare we to 0, 


outp¢0, TCNT1H); Set timer t counter to 0 

outp¢0, TCNTAL); 

eulp(0x10, TIMSK). HEnable timer overflow interrupt 

(fier 2 Setup Code 

owtp(0x61,TCOR?); OUNo prescale to clk, enable PWM, clear PWM owtpet 


Minchade <io.h> outp(0,0CR2); “Set output compare register to 0 
Minchede <interruptn> outp{0, TCNT2); USet timer counter to 0. 
firciude <signal.h> External interrupts Setup Code 
outplOx10.0IMSK); Enable interrupts for externals 0 through 4. 
unsigned char ct; (Used to indicate the present direction of motion. outp0ne3 LICR); iiTne msing edge between two samples of INT4 
unsigned short $23; (Used to hold the 16 bit Timer 1 count. figemorates an interrupt. 
rer bantene MDisable comparator. 
INTERRUPT (Port ip Code 
ee ad outp(Qutt, DORB); OSet initial Grection of por pins to output, 
naigned char WSat initial state of pies 
posse char bower oye: Port D Setup Code 
oar + USet initial direction of port pins to input. 
unsigned char upper byte oulp(OxM,PORTO); Set initial state of pins. 
lower_byte = 0; Clear bytes in anticipation of receiving (Port E Setup Code 
wpper_byte = 0; now Gata % USet initial direction of port pins to input. 
ct? jm 0x04; LSet global for control is with recetwer outp(0. PORTE); WSet initial state of pins. 
ptr = inpiBiCR), Get present state of EICR. 
if {ptr & x01) © 0) JM falling edge capture enabled, then .. seu): Globally emabie all active interrupts. 
: C17 [= 0x08; (indicate arithmetic operation can proceed return(0}. 
jower_byte = inp(TCNTIL); Move low part of count to low byte. } 
upper_byte « inp{TCNT1H); Move high part to high Byte. int recetver_crtrijvoid) 
522 = upper_byte; (Create 16 bit word that represents period { 
S23 <n B; (fet pulse. volatile unsigned char ptr; 
&23 += lower_byte: 
} 17 &= OxF7; NEnable receiver mode 
ose AM riging edge capture enabled, then ... $23 = Ox01EE. VSet up map 
{ @ ((s23 += OxFO) &4 (523 <* O4110)) See if 523 is in the Geadband. 
et? &= OxFT; Medicate arithmetic operation snould wait { Mt so, then stop the motor. 
outp(0, TCNT IM); \tesat timer counter register ptr = inp(PORTB); Get present state of output drivers. 
outpe0, TCNT IL) Mien writing to 16 bit timor, must write Pir &= OxDB; {Block movement by satting PB:2 and PE-S to 0 
Mo upper register first. per. Update state of driver. 
pir = Inp(EICR); state of last be of LICR outp{0,OCR0); (Set PWM to 0% disabling forward. 
ptr *=4; in order to be able to trap on the outp{0,OCR2); (Set PWM2 to 0% fewerse, 
outp(ptr, DIOR) Nopposte edge. ef7 B= OxFC, (Modity global to indicate direction ts stop. 
) 
: else M ((s23 > 0x110) BS (223 <= OxtFF)} NSee Hf 823 is in fwd range 
int initialize(woid), (Nf 80, then proceed with fwd. 
int receiver_cntrivold); Wf 61? | OxFD) © OxFD) Mf global indicates present 
t iirection ts not reverse. then ... 
int main(woud) outp(0,0CR2); Block reverse by shutting down PWM2_ 
{ outp(ptr, PORTS); WUpéate vale of port 5. 
pe = (volatile snaranen charja23; (Assign movernent to ptr, 
initialtze(); NCall initialize im order to set outp(ptr, OCR); Assign PWM to new movement value. 
(up regesters and peripherals ptr = inp|PORTB), NGet present state of port B. 
S23 = 0; (inttiatze useful variables, pty |= Ox04; Mindicate that the direction is forward. 
ci7 =0; (some that are global and some eutp(ptr, PORTB); NUpdate the value of the port. 
(that are focal to main. e17 0201, Set global bit to indicate forward. 
while (1) 17 B= O2FD; Set global bit to not indicate reverse 
( ) 
recelver_cntrit}; ) 
} olse Hf ((623 >* 0) BB (923. <OxFO}) See if 423 in in pew range 
) OM 80, them proceed with rev, 
wood) if (jet? | OnE) == OxFE) OM globel indicates present 
ee { Mdirection is not forward, then 
ifTener 0 Setup Code outp(0,OCRO); tock forward by shutting down PWMO. 
outp[0x61.7CCRO}; No prescaie to clk, enable PWM, clear PWM output ptr=inpiPORTS); Get present value of port B. 
outp|0,0CR0); NSet output compare register to 0. ptr &=O0xFB; Stop forward by setting driver to 0. 
outp{0,TCNTO); Set timer counter to 0. outp(ptr, PORTE); Update value of port B. 
WTiener 4 Setup Code ptr = {volatile unsigned charja23;(/Aasign movement to ptr, 
outpy0, TCCRIA); WSet clk source as cll, compare timer to overfiow outp(ptr, OCR2); NAaaign PYM to new movement value. 


pir = inpfPORTS); NGet present state of port 8. 
ptr j= 0x20; Minclicate that the direction is forward. 
outp(ptr PORTB),; the value of the port. 
e17 |= 0x02; "Set global bit to indicate reverse. 
17 &= OxFE, (Set glcbal bit to mot indicate reverse. 
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figured as PWMs (pulse-width modula- 
tors) for driving the motor in both for- 
ward and reverse. Finally, two digital out- 
puts act in concert with the PWMs to 
move the motor. You can find all these 
features in an AVR microcontroller. As- 
suming that you use a typical transmit- 
ter and receiver, such as a pair from Futa- 
ba (www.futaba.com), the range of pulse 
width, t,,,, Should vary from 1 to 2 msec 
for full reverse and full forward, 
respectively. If the Timer 1 clock- 
source frequency is 500 kHz, the number 
of counts possible between full reverse 
and full forward is 500, beginning at 500 
for a pulse width of 1 msec and ending 
at 1000 for a pulse width of 2 msec. A 
pulse width of 1.5 msec identifies no-in- 
put or full-stop conditions. Listing 1 pro- 
vides an example of this motion-control 
application. 

Subtract 494 ($1EE) from the value of 
Timer 1, captured after the falling edge of 
the pulse, assuming that the pulse is pos- 
itive-going and that, at the rising edge of 
the pulse, the value of the counter resets. 
The range of values between full reverse 
and full forward becomes 6 to 506 ($6 to 
$1FA). Forward motion is $101 to $1FA, 
with $101 providing the least forward 
motion and $1FA providing the most 
forward motion. Reverse motion ranges 
from $FF to $6, with $FF providing the 
least amount of reverse motion and $6 
providing the most amount of reverse 
motion. If negated, the reverse range be- 


Vop 


fo) Vop 


PB:2S 


An Atmel AVR microcontroller provides a novel method of controlling a motor. 


comes $01 to $FA. If you use the lower 
byte of the adjusted Timer 1 value di- 
rectly to set the output comparison reg- 
isters OCRO or OCR2 of Timer 0 or 
Timer 2, you can use as much as 98% of 
the range of input values to the PWM. 
You can choose which PWM-configured 
timer to use based either on where the 
value occurs in the range or on the upper 


byte. Note that when the upper byte is 1, 
the direction is forward; when the upper 
byte is 0, the direction is reverse. You can 
download the C-based Listing 1 from the 
Web version of this Design Idea at 
www.ednmag.com. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Precision circuit closely monitors — 48V bus 


Paul Smith and Jim Staley, Analog Devices, Wilmington, MA 


munications systems has spurred a 

need for power-supply manage- 
ment. POTS (plain-old telephone sys- 
tems) obtain power from —48V supplies 
backed by arrays of batteries in central of- 
fices and distributed throughout copper 
lines. Although nominally —48V, the 
voltage on the lines can vary from —40 to 
—80V, and the voltage is subject to surges 
and fluctuations. Supply regulation at the 
source has little effect on remote voltage 


E VER-GREATER COMPLEXITY in com- 
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levels. Equipment failures resulting from 
surges, brownouts, or other line faults 
may sometimes be undetectable. Captur- 
ing power-supply information from re- 
mote communications equipment re- 
quires precise measurement of the 
voltages—sometimes in outdoor tem- 
peratures. High-common-mode, volt- 
age-difference amplifiers have been use- 
ful in monitoring current. However, you 
can also use these versatile components 
as voltage dividers, enabling remote 


monitoring of voltage levels as well. 
Figure 1a shows the basic circuit con- 
nections when you use a difference am- 
plifier for high-line current sensing. With 
the addition of a few parts, you can op- 
erate this amplifier in a negative-supply 
system. Figure 1b shows a precision 
monitor using just two ICs and deriving 
its power from the —48V supply. All you 
need to power the circuit are a transistor 
and a zener diode to reduce the supply 
voltage for the amplifiers. The AD629 
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(a) 


(b) 
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A basic monitoring circuit (a) uses a difference amplifier for high-line current sensing; the complete circuit (b) requires just two ICs. 
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The circuit in Figure 1b produces an output that's a linear function of 
the negative supply voltage. Temperature drift in the circuit of Figure 1b is negligible. 


shown in Figures 1a and 1b isa self-con- 
tained, high-common-mode, voltage- 
difference amplifier with unity gain. 
Connected as shown, however, it reduces 
the differential-input voltage by approx- 
imately 19, thus acting as a precision volt- 
age divider. You need an additional am- 


plifier for loop stability. The circuit fea- 
tures several advantages over alternative 
approaches. The laser-trimmed divider 
resistors exhibit essentially perfect 
matching and tracking over temperature. 
Linearity errors from —40 to —80V are 
nearly immeasurable. Figures 2 and 3 


show the linearity and temperature-drift 
curves for the monitoring circuit. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


PLD code reveals pc-board revisions 


Clive Bolton, Bolton Engineering Inc, Melrose, MA 


vice) code in Listing 1 implements 

a pce-board-level revision-detection 
system that detects whether PLD pins are 
shorted together ona pc board. It is often 
advantageous to field a single PLD pro- 
gramming file that works for several gen- 
erations of physical hardware. The PLD 
needs to understand what the board re- 


T: PLD (programmable-logic-de- 
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vision is, so that it can enable or disable 
functions, pins, or both to external cir- 


State REV_OUT line 


REV_IN[x] lines 
0 Tristated Drive low 
1 Tristated Tristated 
2 Drive with pattern Look for pattern 
3 Tristated Tristated 


cuitry. If a designer has not placed phys- 
ical straps to indicate a pc-board-revision 
level from the start, it may be difficult to 
add them later. In PLD families that have 
no integral pin-pullup or -pulldown re- 
sistors, redefining previously unused pins 
as inputs means that these pins float, ei- 
ther causing erratic operation or indicat- 
ing an improper pc-board-revision level. 
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The software module generates a 
short, simple pattern, such as a square 
wave, onto a driver pin, REVO_OUT. The 
input-detection pins, REVI_IN[x], look 
for this pattern. If they detect the full pat- 
tern on a pin, the module indicates that 
the pins are connected by setting the re- 
spective Q[x] high. If they do not detect 
the full pattern, the module sets the Q[x] 
line low. The pattern generator avoids 
leaving the revision-detection inputs 
floating by alternately driving and tri- 
stating the REVO_OUT and REVI_IN[x] 
lines (Table 1). If you drive the circuit at 
more than a few megahertz, the parasitic 
pin capacitance of a few picofarads is suf- 
ficient to ensure that the REV_I[x] pins 
stay low, even while they are tristated. 
When the detection cycle is finished, the 
COMPLETE line goes high. 

The module generates the required 
hardware from two compile-time pa- 
rameters: LPM_WIDTH and CHAN- 
NELS. LPM_WIDTH sets the number of 
times the detection cycle runs (for ex- 
ample, 5 bits yields 2°, or 32 cycles), and 
CHANNELS sets the number of strap in- 
puts. Note that this function does not in- 
clude tristate buffers; you must instanti- 
ate them at the design top level. The 
REVO_EN and REVI_EN pins enable the 
REVO_OUT and the REVI_IN[x] tri- 
state buffers, respectively. The PLD code 
is written in Altera’s (www.altera.com) 
high-level design language (AHDL); you 
can directly compile it into any of Altera’s 
PLDs. An implementation of the design 
with the parameters set to the default val- 
ues takes 16 logic cells in an Altera 
EP1K50BC256-3—less than 1% of the 
device—and runs at rates as high as 185 
MHz. Although the code is written for 
Altera’s devices, the design structure and 
flow are readily translatable into VHDL 
or Verilog. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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LISTING 1—AHDL CODE FOR REVISION DETECTION 


§ TITLE rev _detect.tdt: ADL file 
S path: f:\project!\altera\rev detect. tdt 


% (¢) 2002 Seolton Engineering, Inc. All rights reserved 


& cise of 16 UCe in 1”10-3, L8Seis clk operation 


% 02/18/02. Code started, teated, and entered into Rca 


INCLUDE *lpm_counter.inc"™; 


PARAMETERS 
Lym WIDTH = 5, 
CHANNELS #1 
de 


SUBDESIGN rev detect 
¢ 


clock t INPUT; -- global cik 

acir t INPUT) 

revi in(CHAMWELS-2..0) 3 IuputT; ~~ strap inputs for all 
"inpute"™ 

revi_en ‘ OUTPUT; - tristate 
enable 

tevo_out ‘ OUTPUT, -+ atrep cutput 

revo en ‘ OUTPUT; "> tristate 
enable 

q(CHAMWELS-1..0) 2 OUTPUT: -- 3 4f connected, 0 if 
B.C. 

complete ' OUTPUT; 
) 
VARIABLE 

phase _cutr ® LPM COUNTER WITH [ LPM WIDTH 
=2. 

LPM DIRECTION = *UP*); 

LPM COUNTER WITH ( LPM WIDTH 


aeq_cntr ® 
« LpM_WIDTH, 


LPM_DIRECTION = "UP*); 
dffe q(CMAMMELS-1..0] 2 
complete unr ’ 
SrcIn 

at 0, drive strap “inputs* only 
-- at 1, drive nothing 
-+ at 2, drive strap cutput only 
-> at 3, drive nothing 
phase cnts.clock «= clock; 
phase_cntr.acir = solry 
phase _cntr.cnt_en « Icomplete; 


revi_¢n 
voc); 
revo_en 
vec); 
seq_cntr.clock = clock; 
eeq_cntr.acir = e@cir;: 
#eq_ catr.cnt_en > tcompliete_enr AND phase _cntr.cout; 
complete unr = seq_catr.cout; 
treve_out = seq_cotr.ql0); 
complete - DFFiccmplete unr, 
yor i IW 0 to (CHAMNELS~1) GENERATE 
ofte_gli].cik = clock: 
afte qlil .prn = teclr, 
dite qli] ena = revo_en AND !complete, 
atte gli].d . 
gli] « dffe q({i).q 
=D CENERATE; 
EMD; 


~ im bite; aets the length of time for detection 
«+ gumber of strap inputs (2 or sore) 


= DPF( (phase cntr.q{) == 0) OR complete, clock, {acir, 


«= DPF( (phase cntr.gi) += 2) OR complete. clock, !acir, 


éffe qlil.q AMD (revi_in[£] X#0R revo_out): 


rnrenr 


clock, teaclr, VOC}: 
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Simple method tests cables 


Jim Keith, Bell-Mark Technologies, Dover, PA 


to test a cable for continuity 

by simply connecting all con- 
ductors in series and checking with an 
ohmmeter. This method is sometimes 
impractical, however, because it cannot 
check for short circuits. The method 
shown in Figure 1 solves the short-circuit 
problem. Connecting LED indicators at 
each shorting loop provides a visual in- 
dication. The beauty of this scheme is 
that any short circuit causes at least one 
LED to extinguish. You can then diagnose 
the malfunction by the visual signature 
of the LEDs. Taking the method one step 
further, let the LEDs be the emitters of 
photocouplers. Connecting the photo- 
transistors in series provides a simple go- 
no-go test that requires no visual obser- 
vation. Note that the 2V LED for- 
ward-voltage drop presents a challenge 


F NGINEERS HAVE LONG KNOWN how 


CABLE UNDER TEST 


SENSITIVE 
2av "RELAY 
10 mA 


This simple cable-testing method tests for continuity as well as short circuits. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


when you're testing a cable with a large 
number of conductors, so be sure to ap- 
ply a high enough voltage. 
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DPPs make nonvolatile microvolt DAC 


Stephen Woodward, University of North Carolina, Chapel Hill, NC 


itless variety of monolithic 
DAC chips makes it easy to 
implement most digital-to-analog-con- 
version applications with a single off-the- 
shelf device. Sometimes, an unusual set 
of requirements necessitates a multichip 
approach, however. One example of such 
a requirement is the need for nonvolatil- 
ity of the DAC’s setting in power-up and 
-down cycles. Another example is the 
need for output resolution and stability 
at less than 1 wV. The circuit in Figure 1 
combines inexpensive DPPs (digitally 
programmed potentiometers) from Cat- 
alyst Semiconductor (www.catsemi.com) 
with precision current references from 
Burr-Brown (www.ti.com) to achieve 
both nonvolatility and less-than-1-V 
performance. Accurate simulation of the 
signals from high-temperature platinum- 
rhodium-based thermocouples requires 
less-than-1-1V performance. These tem- 
perature sensors have Seebeck coeffi- 
cients of only 6 wV/°C. Therefore, only 
voltage sources with 1-j.V-level stability 
and precision can simulate such sensors. 
To achieve such low output drift would 


T HE AVAILABILITY Of a seemingly lim- 


DPPs make 
nonvolatile microvolt DAC 


Circuit manages power-up 
sequencing 


Lower dc/dc-converter ripple by using 
optimum capacitor hookup 


Add an auxiliary voltage 
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Gircuit checks “swamp-cooler” 
water level...... 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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3.3 TO 5V 


% BURR BROWN 
REF200 


CAT5113 
Voc 


_ Ki Ka 


“300 10,000 


1-pV 
RESOLUTION 


1,=K, x 100 pA. 

= Io=(1—K,) x 100 pA. 
I3=Ko x 100 pA. 
Ig=(1—Ka) x 100 pA. 


Digitally programmed potentiometers combine to form a novel, microvolt-level DAC. 


normally require the use of active circuit 
elements, such as chopper-stabilized am- 
plifiers, with offset temperature coeffi- 
cients not much higher than 1 nV/°C. 
The circuit in Figure 1 takes a different 
approach by using current division and 
a passive and, therefore, inherently drift- 
free output that needs no amplifiers. Each 
half of the REF200 sources a 100-A ref- 
erence current. The twin currents each 
connect to the wiper of DPPS, IC, and 
IC,. There, they split into two currents 
(for example, I, and I,) in a wiper-to-to- 
tal ratio, K,, which the programmed set- 
ting of the DPP determines. I, =K, x 100 
wA, and ].=(1—K,) 100 wA. I, passes 
through the series combination of the 
48.70, resistor and the 1 output resistor 
and thereby generates the output voltage: 
V=K, (500X100 wA)=0 to 5 mV as K, 
varies from 0 to 1. The operation is 
straightforward and drift-free. Unfortu- 
nately, the resolution with a single po- 


tentiometer is inadequate for many pre- 
cision applications. 

IC,,a CAT5113, like other DPPs, offers 
the versatility of an uncommitted resist- 
ance element and nonvolatility of the set- 
ting. Its resolution, however, is only 100 
steps, which is slightly worse than 7 bits 
and equivalent to 50 pV in this circuit. 
You therefore incorporate a second DPP, 
IC,, in the converter. IC,’s output current 
acts into the 10 load for a 50-to-1 reso- 
lution enhancement over IC, alone. IC, 
thus adds a 0- to 100-p.V contribution to 
V. Hence, the composite output is 
V=K,/200+K,/10,000 with a 5-mV span 
and 1-wV resolution. The circuit is an 
ideal approach for such applications as 
the simulation of thermocouple signals 
in precision temperature-measurement 
and -control systems. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Circuit manages power-up sequencing 


Martin Galinski, Micrel Semiconductor, San Jose, CA 


OWER SEQUENCING POSES a unique 
P problem in power manage- 

ment. Because improper se- 
quencing may cause damage to many 
types of processors, power-up sequenc- 
ing of these devices is critical. Devices 
that may require power-up sequencing 
control include FPGAs, ASICs, and DSP 
chips. These devices can require tracking 
I/O and core voltages. Requirements for 
power-up sequencing may change ac- 
cording to device type and manufactur- 
er, so it’s important that you review se- 
quencing requirements for each device. 
This design use Xilinx’s (www.xilinx. 
com) power-up requirements for the 
Spartan-H] and Spartan-IIE families. The 
1/O voltage must reach full supply volt- 
age in 2 to 50 msec. Also, the slew rate of 
the supply voltage must not exceed 900 
mV/msec but must exceed 50 mV/msec. 
The circuit in Figure 1 addresses these is- 
sues, allowing for consistent and reliable 
power-up sequencing. 

The power-up sequencing circuit uses 
an RC (R, and C,) timing network to con- 
trol the slew rate of the output during 
turn-on. IC, compares the output of the 
low-dropout regulator with the voltage at 
the RC network. It then adjusts the out- 
put of the regulator, via the feedback volt- 
age, to match the RC charge voltage. 
When the voltage between R, and C, 
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C, controls the rise time of the output of Figure 1’s circuit. 
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off sequencing. 


reaches the low-drop- 
out regulator’s regula- 
tion voltage, 

the output of 
IC, pulls low, reverse- 
biasing D,, thereby re- 
moving the power-up 
sequencing circuit from 


This circuit controls the I/O and core-voltage power-on and power- 


the control loop. R, and C, provide com- 
pensation to maintain a smooth voltage 
during the turn-on cycle. R, and R, pro- 
vide the output regulation voltage. You 
can calculate R, and R, from the follow- 
ing expression: R,=R, (V,,,,/1.240 —1). 
Figure 2 shows slewing characteristics of 
the output with various values of C,. 


www.edn.com 


2 ideas 


Figure 3 is an I/O and core-voltage-se- 
quencing circuit. Instead of using an RC 
charge voltage to control the turn-on, IC, 
of the core regulator compares the out- 
put of the I/O during turn-on and 
matches the core voltage until it reaches 
the regulation voltage. Figure 4 shows 


the I/O and core voltages during the 
power-on cycle. Equally important is the 
power-down cycle. The I/O voltage must 
never reach 0.6V below the core voltage. 
This condition can forward-bias the sub- 
strate diode, damaging the processor. D,, 
a Schottky diode with a forward voltage 


Tec sun - oy \eRnLaBannanes enpaanennaaneeaey Trg'd — weit Tek Stop 
a. woe Co 
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i : ‘eee 
| Botisisette tte ele 
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The I/O and core voltages have controlled rise times during the power- 
on phase. core voltage. 


drop of 0.4V, keeps the I/O voltage from 
dropping 0.6V below the core voltage 
during the power-down cycle (Figure 5). 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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A Schottky diode keeps the 1/0 voltage from dropping 0.6V below the 


Lower dc/dc-converter ripple 
by using optimum capacitor hookup 


Keith Szolusha, Linear Technology Corp, Milpitas, CA 


OW-RIPPLE-VOLTAGE _ positive-to- 
[eset dc/dc converters find use in 

many of today’s high- frequency and 
noise-sensitive disk drives, bat- 
tery-powered devices, portable 
computers, and automotive applications. 
Like a positive buck converter, a positive- 
to-negative converter can have low out- 
put-ripple voltage if you place the bulk 
input capacitor between V,, and V,,,, 
rather than between V,, and ground. A 
common misconception is that positive- 
to-negative converters in the first con- 
figuration have noisy outputs. This con- 
figuration actually solves noise problems 
rather than introducing them. In either 
configuration, the V,, and ground pins 
of the IC connect to V,, and Vo...) re- 
spectively (figures 1 and 2). Therefore, 
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This +5-to-—5V converter with the bulk input capacitor between V,, and V,,,, has low output rip- 
ple. The high-di/dt path, indicated here with blue lines, does not include the output capacitor. 
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placing the input capacitor between V,,, 
and V,,,,, is equivalent to placing it be- 
tween the IC’s V,,, and ground pins (Fig- 
ure 1). The other, commonly accepted 
method of placing the bulk input capac- 
itor between V,, and ground (Fig- 
ure 2) significantly increases the 
output-voltage ripple (figures 3 and 4). 
To make matters worse, this configura- 
tion requires an additional high-fre- 
quency bypass capacitor between the V,,, 
and ground pins of the IC. 

In simple positive-to-negative con- 
verters, such as those in figures 1 and 2, 
the output-voltage ripple is 

AV oore-p) = ESRoour x Al courepy 

Low-ESR output capacitors, such as 
ceramics, help to minimize the output- 
voltage ripple in dc/dc converters. For a 
given output-capacitor ESR, you can fur- 
ther reduce the output-voltage ripple by 
minimizing the current ripple that the 
output capacitor is forced to absorb. In 
Figure 2, the output capacitor is part of 
the high-di/dt switching-current path, 
making the output voltage ripple pro- 
portionately larger. With the bulk input 
capacitor placed as shown in Figure 1, 
the peak-to-peak ripple current in the 
output capacitor is equal to the peak-to- 
peak ripple current in the inductor: 


Al ane oes (Ving duty cy- 
cle)/(f, XL), where AL ourpp) Output 


ripple current, AI, ,, ,. =inductor ripple 
current, and f,,, =switching frequency. 
When the bulk input capacitor is 
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This +5-to-—5V converter with the bulk capacitor between V,, and ground has much higher output 
ripple than the circuit in Figure 1. The high-di/dt path, indicated here with blue lines, includes the 


output capacitor, thus increasing output ripple. 


placed as shown in Figure 2, the peak-to- 
peak ripple current in the output capac- 
itor is much higher than the inductor’s 
ripple current alone; it is almost equal to 
the inductor’s ripple current plus the in- 
put capacitor’s ripple current: 
AT ssscinoy= bye) bout hg © Alay 

COUT (PP) Ter) t Alanwry With 
much lower output-capacitor ripple cur- 
rent, the output capacitor in the circuit 
in Figure 1 can be much smaller than 
that of the circuit in Figure 2. Also, it 
needs to handle much less rms ripple 
current (approximately equal to peak-to- 
peak ripple current divided by the square 
root of 12). Another advantage of re- 


2, and 


p-P 


Tek GEE 1.00G5/s 


moving the output capacitor from the 
high-di/dt switching loop (by judicious 
placement of the input capacitor) is a 
greatly simplified layout. You must place 
the high-di/dt components in Figure 1 in 
the smallest loop possible to minimize 
trace inductance and the resulting volt- 
age (noise) spikes. With one fewer com- 
ponent to worry about in the layout, you 
can more easily create a noise-free circuit 
using the layout in Figure 1 than it is us- 
ing the one in Figure 2. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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. In the circuit in Figure 2, the output capacitor’s 
peak-to-peak current ripple is five times as high as 
the inductor’s peak-to-peak ripple and, therefore, five times as high 
as the current ripple shown in Figure 3 with 1A output. 


In the circuit in Figure 1, the output capacitor’s 


peak-to-peak current ripple is equal to the induc- 


tor’s peak-to-peak ripple with 1A output. 
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Add an auxiliary voltage to a buck regulator 


John Betten, Texas Instruments, Dallas, TX 


OU OFTEN NEED more 
than one regulated 


aa ipa 
age in a system. 
CONTROL 
CIRCUIT 


A frequently used and rea- 
sonably simple way to cre- 
ate this auxiliary output 
voltage is to add a second 
winding to the output in- 
ductor, creating a coupled 
inductor or a transformer, 
followed by a diode to rec- 


Vin O—— 


FEEDBACK 


tify (peak-detect) this out- 
put voltage. The biggest 
drawback of this approach is that the 
diode’s voltage drop varies with temper- 
ature and load current and can have a 2- 
to-1 variation, resulting in poor output- 
voltage regulation. This problem be- 
comes more critical as output voltages 
decrease and may require the addition of 
a linear regulator. The circuit shown in 
Figure 1 is an alternative approach that 
replaces this diode with Q,, a p-channel 
FET. The circuit works as follows: 
During the conduction time of FET Q,, 
the voltage across the primary winding of 
transformer T, clamps to the voltage, 
Vourt Vep where V,, is the voltage drop 
across FET Q,. Through transformer ac- 
tion, the voltage on the secondary wind- 
ing of inductor L, is equal to the turns ra- 
tio between the windings times the 


IC) 


Vin 
4.5 TO 5.5V 


TPS62000DGS 


This synchronous buck converter has an auxiliary-output winding. 


voltage across the primary winding. The 
output capacitor on the auxiliary output, 
V_» then charges to the peak of the sec- 
ondary-winding voltage. FET Q, turns off 
when Q, turns back on to prevent the out- 
put capacitor from discharging. The sec- 
ondary voltage floats; you can add it to the 
main output voltage by tying one end of 
the secondary winding to the main out- 
put. You can also tie it to ground for an 
output voltage lower than V,,, if desired. 
The equation that defines the auxiliary- 
output voltage for the circuit in Figure 1 


1S: 
N N 
= ver s ve} 
Np Np 


The second half of this equation rep- 


Voo vol + 


Qi 
IRLMS5703 


O3.3V 


This circuit is similar to the one in Figure 1, but uses an integrated buck-converter IC. 
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resents a voltage-error term 
between FETs Q, and Q,. To 
cancel out the error attribut- 
able to the FET voltage drops, 
you need to make the voltage 
drop of FET Q, equal to 
Vio= Vp, X(N /N,), where 
N,/N, is the transformer’s 
turns ratio. Because these 
FET voltages are a function 
of the output currents and 
the on-resistance of the FETs, 
you can select the on-resist- 
ance of FET Q, by using the 
following equation: 


N 
Ro> = Ro, X —=X 
q2 =Rai Np 


c af Ton dx Ns], where joo. 
Top Np Vin 

In Figure 2, the main output voltage is 
3.3V, yielding an inductor primary volt- 
age when Q, is conducting equal to only 
3.44V, because of the low voltage drop 
across FET Q,. Thus, if you wanted a 5V 
output, the secondary winding would 
need to develop an additional 1.7V, ne- 
cessitating a 2-to-1 step-down turns ra- 
tio. The desired on-resistance of the FET 
internal to IC, from the above equation 
should be 0.16Q to cancel the voltage 
drop across Q, at maximum loads and 
while operating from a 5V input voltage. 
This example uses a 0.200, FET with a 
voltage drop equal to only 88 mV. This 
choice allows for good voltage matching 
between FETs Q, and the FET internal to 
IC,, resulting in excellent error cancella- 
tion, less power loss, and better overall 
output-voltage regulation than diode 
rectification provide. An added benefit of 
this approach is that you can use it with 
controllers that have integrated switch- 
ing FETs, because you don’t need access 
to Q, and Q, gate drives. Measured re- 
sults, although varying both outputs’ 
loads over their full operational range, 
showed less than a +3% variation in the 
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Circuit checks “swamp-cooler” water level 


Daniel Krones, Precision Design Services, Sky Forest, CA 


“SWAMP COOLER” is an 
tain effective air 
conditioning, especially in 
hot and dry climates, if a 
water source is readily avail- 
able. Although most units 
are very reliable, the storage- 
reservoir control usually 
uses a single level-detector 
component. Failure of this 
component can lead to seri- 
ous water damage. The cir- 
cuit of Figure 1 provides a 
simple, inexpensive backup 
alarm signal if the water level exceeds the 
preset height. The circuit uses a single 
Schmitt-trigger IC to detect the water 
level, using the conductivity of the water 
to drop the input level of IC, ,. A 1- to 10- 
MQ resistor is suitable for R,. You might 


Detect water level in a swamp-cooler reservoir with this simple circuit. 


have to experiment to determine a suit- 
able value, depending on the conductiv- 
ity of the water supply. 

The highest practical vale of R, pro- 
vides the widest range. The NAND gates 
IC, and IC, , implement gated oscillators 


to create a pulsed tone 
to drive the piezoelec- 
tric-bell audible alarm. 
Current consumption 
in the off state is lower 
than 10 pA, thus al- 
lowing the use of a 
simple battery to drive 
the circuit. A button- 
cell lithium watch bat- 
tery is sufficient. The 
small physical size and 
wiring simplicity of 
the circuit allow you to 
simply glue the unit to 
the side of the cooler. Use a short piece 
of twin-lead, 3002, transmission line for 
the electrodes. 


PIEZO [ 


BELL L 
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DPP adds versatility to VFC 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


HE BASIC VFC (voltage-to-frequen- 
T° converter) in Figure 1 
comprises an 

(IC,) and a Schmitt-trigger circuit (IC,). 
The integrator converts the dc input volt- 
age, V,, toa linear voltage ramp, and the 
Schmitt trigger sets the limits of the in- 
tegrator’s output voltage. Feedback 
around both circuits provides the condi- 
tion for oscillation. The DPP (digitally 
programmable potentiometer) in Figure 
2 adds programmable limits to the 
Schmitt trigger and adds two powerful 
features to the VFC. First, the scale or 
conversion factor is programma- 
ble, and, second, for a fixed dc-in- 
put voltage, the converter is a program- 
mable oscillator. The frequency, f,, of the 
single-supply converter in Figure 2 is: 


( —p) (Vpg-2.5V). 
- 5iv0CO 
0<p<0.5, and 2.5V<V,y<5V, 


f,=fpa. 


oO 


where f,,..=1/27R,C,, and p is the rela- 
tive position of the wiper from one end 
(0) of the DPP to the other end (1). For 


the100-tap Catalyst (www.catsemi.com) 


DPP adds versatility 
LOVE is ornithine cate ees 99 


Power circuit terminates 
DDR DRAMs 


integrator 


SCHMITT 
TRIGGER 


This schematic depicts a basic voltage-to-frequency converter. 


5V 
8 
1 
CAT5113 
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Using a digitally programmable potentiometer, you can vary the scale factor of this voltage-to-fre- 
quency converter. 


Circuit protects bus 
from 5V swings 


Use a 555 timer as a 
SWitch-MOde POWEF SUPPH,....sscvccseeeesssee 104 


VCO uses programmable logic. 


Controlling slew times tames 
EMI in offline supplies 
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5113 potentiometer, the range of the 
scale-factor term (1-p)/p is 1 to 99 with 
a resolution and accuracy of approxi- 
mately 1%. For the values shown in Fig- 
ure 2, the practical range of frequencies 
is 500 Hz to 25 kHz. Higher bandwidth, 
rail-to-rail CMOS versions of IC, and 
IC,, and a greater R,/R, ratio can extend 
the accuracy and range of the circuit. The 
automated, accurate setting of the scale 
factor saves manufacturing test time and 
eliminates the need for expensive, accu- 


rate resistors and capacitors. The scale 
factor relates to the ratiometric temper- 
ature coefficient of the DPP and hence is 
minimally temperature-dependent. You 
can use the circuit as a programmable os- 
cillator when V,,, is fixed and the poten- 
tiometer’s wiper setting changes the lim- 
its of the Schmitt trigger. 
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Power circuit terminates DDR DRAMs 


Ron Young, Maxim Integrated Products, Sunnyvale, CA 


find use in high-speed memory sys- 

tems in workstations and servers. 
The memory ICs operate with 1.8 or 2.5V 
supply voltages and require a reference 
voltage equal to half the supply voltage 
(Varp= V pp/2). In addition, the logic out- 
puts terminate with a resistor to the ter- 
mination voltage, V,,.,, which equals and 
tracks V,,,.,. V;-, must source or sink cur- 
rent while maintaining V..=V,..+ 
0.04V. The circuit of Figure 1 provides 
the termination voltage for both 1.8 and 
2.5V memory systems and delivers out- 


D DR (DOUBLE-DATA-RATE) SDRAMs 


MAX1864T 


put current as high as 6A. IC, includes a 
step-down controller and two linear-reg- 
ulator controllers and operates with in- 
put voltages of 4.5 to 28V. 

IC,’s fixed-frequency, 200-kHz PWM 
controller maintains the output voltage 
by sourcing and sinking current. Maxi- 
mum sink current equals the maximum 
source current, though the sink current 
has no current limiting. When sinking 
current, the device returns some current 
to the input supply. To implement the 
tracking function, one of IC,’s extra lin- 
ear-regulator controllers is configured as 


This circuit generates the termination voltage for DDR synchronous DRAMs. 
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an inverting amplifier. This amplifier 
compares V,,,./2 (created by R, and R,) 


with V,,,,. from IC, and generates an er- 


ror signal that connects via R, to IC,’s FB 
pin, thereby forcing V,,,,, to track V,,,/2. 


OUT 
A 10-mA load, R p is necessary to bias the 
inverting amplifier for accurate tracking. 


Vopr can track V,,,/2 for V,,, in the range 


1 to AV. 
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Circuit protects bus from 5V swings 


Said Jackson, Equator Technologies Inc, Campbell, CA 


T": CIRCUIT IN Figure 1 auto- 


matically detects voltage BV 


and protects a bus, such 
as a 3.3V-limited PCI bus, from 5V 
signal-level swings. You can also use 
the circuit to determine bus-voltage 
swings within one bus-cycle for set- 
ting appropriate termination volt- 
ages of protection diodes or termi- 
nation resistors. Today’s deep- 
submicron VLSI-manufacturing 
techniques sometimes require cir- 
cuits to limit I/O voltages to 3.3V 
signal swings. Connecting such cir- 


OPCI_SERR# 
NC7SZ125 


O a 
PLACE CLOSE 7ALVC74A 


TO PCI BUS 


P9948-ND 
PANSONIC 
EFB-CB37C11 


cuits to a bus with 5V level-swing METAL MAX999 

Sane 28 TOP VIEW 
cards could damage the circuitry. 7 a aay ase WARNING 
The circuit in Figure 1 can accu- ia a Re BUZZER ET FMMTa123CT-ND 

aie 9k : 
rately and—within one bus cycle— i aT aeee SEL. le a SOhes 
i 2 ; : 

detect a level swing larger than 3.3V 0603 = ENABLE 
on any bus and, upon a fault situa- PROTECTION 
tion, generate a reset signal and an = HEADER2 


alarm output to notify the user and | This circuit provides both an audible alarm and an error flag when an overvoltage condition exists. 


the system of this fault. Some of the 
novel circuit features include a highly ac- 
curate synchronous-detection capability 
to avoid false alarms arising from large 
signal overshoots, high impedance and 
low capacitive loading of the bus, auto- 
matic system shutdown during fault con- 
ditions, and a single-cycle response time. 

This circuit successfully operates in 
products using the high-performance 
3.3V MAP-CA processor family from 
Equator Technologies (www.equator. 
com), but you can use it in other high- 
speed 3.3V or even lower voltage systems. 
Equator’s latest generation chips are 5V- 
tolerant, but you can adjust the circuit to 
protect other 1.8 and 2.5V chips. The cir- 
cuit uses IC,, an ultrahigh-speed Maxim 
(www.maxim-ic.com) MAX999 com- 
parator with 4.5-nsec propagation delay, 
T,» to constantly compare a signal line, 
PCI_AD10 in case of a PCI bus, to a ref- 
erence level of 3.8V. This reference volt- 
age is an optimal compromise between 
5V signals clamped by 3.3V protection 
diodes and the normal-operation 3.3V 
signals. Once the voltage exceeds this ref- 
erence level for an entire bus clock peri- 
od, the system turns on an alarm buzzer 
connected to Q.. 
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The circuit generates a signal that can 
reset the system, or it can generate a sys- 
tem-error signal. Because the alarm-reg- 
ister memory, IC, serves as an asyn- 
chronous register, you can switch the 
alarm off only by removing power from 
the system or by asserting the reset signal. 
To avoid false triggering by signal over- 
shoot and undershoot, a flip-flop-based 
register, IC,,, samples the comparator 
output only during the rising edges of the 
bus clock. This method allows for a gen- 
erous 33-nsec period at 33 MHz for the 
bus signal to settle down before being 
sampled. Lowpass filtering by sensor re- 
sistors R,, R, and the 3- to 5-pF parasitic 
capacitance on Pin 3 of IC, limit the max- 
imum clock speed of this circuit. The 
traces connecting to Pin 3 of IC,, R,, and 
R, thus must be as short as possible and 
may limit the bus speed to approximate- 
ly 40 to 50 MHz. Symmetrically lower- 
ing the resistance of R, and R, increases 
the maximum bus speed to a theoretical 
7-nsec cycle time (greater than 140 MHz) 
at the expense of a higher signal-loading 
current on the bus. 

In the case of monitoring a PCI bus, 
Pin 3 of comparator IC, monitors signal 


PCI_AD10. Every PCI device asserts this 
signal at least once during PCI enumer- 
ation, but you can monitor other signals 
if necessary. This method guarantees 
recognition of a 5V PCI device shortly af- 
ter the BIOS starts enumerating the PCI 
bus during system boot. IC,, then latch- 
es the comparator’s, IC,, Q-output Pin 1 
during the rising edge of the PCI clock. 
This action asserts flip-flop IC,,, which 
in turn enables buzzer LS, and generates 
an open-collector, low-active, system-er- 
ror signal through IC,. You could use this 
error signal to automatically remedy the 
fault condition by disabling the offend- 
ing circuit on the bus. The sense and ref- 
erence resistors R,, R,, R,, and R, should 
be metal-film 1% types. The 5V reference 
voltage connected to R, determines the 
accuracy of the trip voltage, and today’s 
power regulators have sufficient accura- 
cy so that you can use a 5V system-pow- 
er line as the reference voltage, obviating 
the need for a special 5V-reference gen- 
erator. Removing jumper JP, disables the 
circuit. 
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Use a 90 timer as a Switch-mode power supply 


Aaron Lager, Masterwork Electronics, Rohnert Park, CA 


OST SWITCH-MODE power supplies 
Mi rely on a PWM (pulse-width- 

modulated) output that is con- 
trolled via voltage feedback. A 555-timer 
IC can inexpensively perform PWM. The 
circuit in Figure 1 shows how to turn a 
555 PWM circuit into an switch-mode 
power supply with only one simple equa- 
tion. The design uses two 555s. IC,, in 
astable mode, triggers IC, in PWM mode. 
IC, is set to oscillate at approximately 60 
kHz at a high duty cycle. The output is 
low for only approximately 2.5 sec to 
trigger the PWM circuit and then goes 
high for the rest of the period. The PWM 
circuit has a maximum pulse width of ap- 
proximately 85 psec, and it becomes 
shorter, depending on the control voltage 
from the feedback circuit. You can reduce 
the chip count by using a 556 or another 


POWER 


UNREGULATED = 
SUPPLY = 


ASTABLE TRIGGER 


1N5817 


continuous-trigger source. The input 
must be (1.5V,,,,+Margin), so for 5V 
output you need 9V minimum input. If 
you use CMOS chips and small timing 
capacitors C, and C,, you can keep the 
operating current low. Thus, you can use 
a simple zener-diode regulator for the 
555 and increase the input voltage to 
more than 30V. The input-voltage limit is 
a function of how much power the zen- 
er supply can handle while delivering 5 to 
10 mA to the 555s. 

Q, has low Rassions and low V,,, and can 
handle more than 40V. D, clamps any 
voltage spikes, such as those that occur 
when a large current flow ceases, causing 
a large magnetic field to be left in the in- 
ductor. You should select D, according to 
the output voltage you need. For 5V out- 
put, use a 5.6V zener diode, for example. 


IC, OUTPUT 
CONTROL 995 


GND 


1N4734 


= O 


Here’s one more use for the ubiquitous 555 timer: a switch-mode power supply. 
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TRIGGER 


REGULATED 
SUPPLY 


FEEDBACK 
Vour=1.25(1+Ry/Ro). 


IC,, R,, R,, and V, form the feedback cir- 
cuit to set the output voltage. The output- 
voltage equation is V,,,,=V,(R,/R,+1). 
The TL431 is a popular part for setting a 
voltage reference and can easily create the 
1.25V shown for V,. You can supply 5V at 
1.5A with an input of 9 to 40V. At volt- 
ages higher than 12V, you can add a 10V 
zener-diode supply for the chips. The 
zener supply only slightly reduces the ef- 
ficiency. With 12V input, 5V, 1.5A out- 
put efficiency is approximately 70%, and 
it drops to 65% with a 40V input and a 
zener circuit. The zener diode’s influence 
is more noticeable at lower current levels; 
at a 50-mA load the efficiency drops to 
approximately 50%. 
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VCO uses programmable logic 


Susanne Nell, Breitenfurt, Austria 


tor) is an analog circuit, so 

you cannot find it in the li- 
braries for the design of digital pro- 
grammable chips. When you need such 
a circuit for synchronization or clock 
multiplication, you need to find a circuit 
that works with the standard digital func- 
tions, such as AND and NAND. Several 
possibilities exist for building variable- 
frequency oscillators. For example, you 
can change the frequency using a varac- 
tor diode. Unfortunately, these diodes 
have a small change of frequency per volt. 
So, the standard Pierce oscillator with 
one inverter and capacitors is not useful 
for these applications. Another idea is to 
use a Schmitt-trigger inverter and to vary 
the charging resistor. This method can 
work, but the hysteresis of the IC usual- 
ly has a wide tolerance, so the selected in- 
verter chip has a large influence 
on the frequency. 

For these reasons, this design modifies 
a two-NOR-gate RC oscillator (Figure 1) 
to function as a VCO. For almost all pure- 
CMOS circuits, the switching point be- 
tween high and low states is approxi- 
mately V_,/2. This point does not depend 
on the device. Using this circuit, you can 
obtain a wide frequency-tuning range. 
The output is a square wave with a 50% 
duty cycle. At power-on, both capacitors 
C, and C, are uncharged, and IC,, has a 
low output. Thus, the output of IC, is 
high, and C, charges with the time con- 
stant R,C,. The additional charging cur- 
rent from IC,, and R, also influences this 
charging time. When the voltage on C, 
reaches V_/2, IC, , switches to a low state. 
Now, the output of IC,, switches high, 
and C, charges with time constant R,C,, 
influenced by IC,, and R,. The low sig- 
nal at the output of IC,,, forward-biases 
D, and quickly discharges C,,. 

This circuit produces a 50% duty cy- 
cle if C, =C,, R,=R,, and R,=R,. The val- 
ues of R, and R, and the steering voltage, 
V.. determine the VCO’s gain in kilo- 
hertz per volt. The circuit in Figure 2 
yields the highest possible value for the 
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This VCO uses an EPLD and has high gain, expressed in kilohertz per volt. 


VCO’s gain. The circuit uses an Altera 
(www.altera.com) EPLD (erasable pro- 
grammable-logic device), the EPM3032. 
Tristate buffers replace the diodes in Fig- 
ure 1, and the charging resistors connect 
directly to the steering voltage. This con- 
figuration produces the highest possible 
VCO gain: approximately 700 kHz/V for 
the component values shown. You can 
switch off the VCO by using a steering 
voltage lower then V_/2. You can imple- 
ment this circuit using almost all pro- 


grammable-logic devices with CMOS in- 
puts. You can also use steering voltages 
much higher then the supply voltage of 
the programmable chip, because the volt- 
age on the input of the chip never goes 
higher then V_/2. This fact makes the 
circuit suitable as a voltage-to-frequency 
converter with a high input-voltage 
range. 
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Controlling slew times tames 
EMI in offline supplies 


David Canny, Linear Technology Corp, Milpitas, CA 


supplies typically causes all sorts of 

problems for power-supply design- 
ers. You may need a large EMI filter to 
meet FCC emission requirements. 
Switchers for high efficiency produce 
high-frequency switching noise that can 
propagate through the rest of the system 
and cause problems. Board layout is crit- 
ical, requiring considerable experimen- 
tation, even for experienced designers. 
The low-noise circuit in Figure 1 signif- 
icantly reduces the complexity of these is- 
sues by continuous, closed-loop control 
of the voltage and current slew rates. 
High-frequency noise suppression is par- 
ticularly important for medical devices 
because they don’t require the ac-line-to- 
earth ground capacitors (“Y” capacitors) 


= FROM Offline switching power 


DANGER: HIGH VOLTAGE 
Lk 


SYNC. LT1738 


that typically suppress this noise. The ab- 
sence of these capacitors allows medical 
devices to easily comply with the more 
stringent low-leakage-current health- 
care specifications of UL544, UL2601, 
and CSA22.2. 

Figure 1 shows a 30W (12V output at 
2.5A) offline power supply. IC,, an 
LT1738 low-noise switching regulator in 
a flyback topology, drives Q, and contin- 
uously controls the current slew using the 
resistor at the R.,, pin. The IC controls 
the voltage slew using the resistor at the 
R,., pin and the capacitance at the CAP 
pin. IC,, an LT1431 programmable ref- 
erence, and the optocoupler close the iso- 
lated loop back to the LT 1738. The circuit 
achieves current limit by sensing the cur- 
rent through a 68-m() resistor at the CS 


P6KE200A 


IGy 
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pin. Q,, Q, and their associated circuitry 
provide undervoltage lockout with hys- 
teresis. During start-up, the SHDN pin 
stays low until C, charges to 12V via R,. 
The LT1738 then turns on and subse- 
quently obtains most of its operating 
power from T,’s auxiliary winding. The 
feedback goes directly to the LT1738’s V, 
pin rather than to the F, pin because the 
optocoupler provides the feedback gain 
that the LT1738’s internal feedback am- 
plifier typically provides. C, and L, at- 
tenuate the low-frequency harmonics of 
the LT1738 switching frequency. 

You can see the benefits of the circuit 
by measuring its ac-line-conducted EMI 
and then comparing these measured re- 
sults with those for basically the same cir- 
cuit with the LT1738 replaced with a 
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A 30W offline power supply passes FCC Class B emission requirements without line-to-earth-ground capacitors. 
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generic switcher. The only circuit-pa- 
rameter difference is that, unlike the 
LT 1738, the generic switcher doesn’t ac- 
tively control the switching current and 
voltage slew rates. Figure 2 shows the fre- 
quency spectra for both circuits. You can 
see by the respective frequency spectra 
that the LT1738-based circuit generates 
emissions well within FCC Class B re- 
quirements, whereas the circuit with the 
generic part results in emissions that ex- 
ceeds FCC Class B allowable emissions by 
a significant margin. 

Another benefit of the circuit 
in Figure 1 is that the output voltage 
noise comprises the fundamental ripple 
with practically no high-frequency com- 
ponents. You can attenuate this ripple 
voltage if desired to less than 300 wV us- 
ing a 100-wH, 100-F LC filter on the 
output. The generic switcher, on the oth- 
er hand, produces more output noise be- 
cause the high-frequency noise passes to 


(a) 


the output with little attenuation through 
the parasitic capacitance of the output fil- 
ter’s inductor. The circuit in Figure 1 
minimizes noise and EMI by controlling 
the voltage and current slew rates of the 
external n-channel MOSFET. This circuit 
is well-suited for offline power supplies 


In these 50-MHz-wide spectral plots, areas under horizontal lines indicate acceptable 
FCC Class B emission requirements. The spectral plot for the LT1738-based circuit (a) 
shows emissions well within FCC Class B requirements, unlike the plot for the generic switcher (b). 


in medical devices because the absence of 
Y capacitors results in low leakage current 
to earth ground in compliance with 
health-care specifications. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


110 eEpN | NovemBeER 14, 2002 


www.edn.com 


design 


Edited by Bill Travis 


ideas 


Circuit provides cold-junction compensation 
Mark Maddox, Analog Devices, Wilmington, MA, and 
John Wynne, Analog Devices, Limerick, Ireland 


tem that uses a thermocouple to de- 


T HE ACCURACY OF ANY CIRCUIT OF sys- 
termine the temperature of a 


process is limited by the accuracy aa aie 


of the method used to perform cold- 
junction compensation. In a thermocou- 
ple measurement, two wires of dissimilar 
metal join together at the “hot,” or meas- 
urement, junction. The isothermal ter- 
mination of the thermocouple wires pro- 
vides a second “cold,” or reference, 
junction. The potential across the ther- 
mocouple is proportional to the temper- 
ature difference between the two junc- 
tions. Thus, to determine the absolute 
temperature of the hot junction, you 
must also know the absolute temperature 
of the cold junction. Tables of thermo- 
couple voltage versus temperature use the 
assumption that the cold junction is 
maintained at 0°C. A somewhat imprac- 
tical way to use these tables is to place the 
cold junction into an ice bath. A more 
practical way is to measure the tempera- 
ture of the cold junction and then add an 
equivalent voltage to the one developed 
by the hot junction. You then find the 


Circuit provides cold-junction 
compensation 


Solve low-frequency-cutoff problems 
in capacitive sensors 


Noninverting op-amp circuit 
has simple gain formula 


Controller IC and one-shot 
form resonant controller 


Circuit folds back current 
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This circuit provides accurate cold-junction compensation in temperature-measurement systems. 


temperature of the hot junction in the 
thermocouple tables. 

A key issue to address is how to ther- 
mally bond the RTDs (resistance-tem- 
perature detectors) to the terminal block, 
which is the cold junction. If the temper- 
ature along the terminal block is con- 
stant, you could use a single sensor, ther- 
mally bonded to the block. If a linear 
temperature gradient exists along the ter- 
minal block, you could use a sensor at 
both ends of the block. This method al- 
lows for interpolation of the temperature 
at various points along the block. If the 


temperature gradient is nonlinear, you 
can add an electrically isolated copper 
strip along the length of the block to min- 
imize the nonlinearity. In the extreme 
case, you could use a temperature sensor 
per thermocouple pair with each sensor, 
thermally bonded to its respective junc- 
tion. 

The design in Figure 1 uses a multi- 
channel, high-resolution ADC to meas- 
ure the thermocouple voltage and the re- 
sistance of two RTDs at the cold junction. 
Using the data from the ADC, a micro- 
processor determines the temperature of 
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the cold junction, the amount of cold- 
junction compensation to apply, and, 
then, the temperature of the hot junction. 
Performing the cold-junction compen- 
sation in software allows users to use 
mixed thermocouple types and is both 
flexible and universal. The AD7708 digi- 
tizes the signals from the thermocouple 
and from two three-wire RTD sensors, 
which measure the cold-junction tem- 
perature at both ends of the terminal 
block. The terminal block is local, so you 
can ignore the wiring resistance between 
the ADC and the RTDs. It is easier to ob- 
tain precision resistors and voltage refer- 
ences than precision current sources, so 
the RTDs and the 4700 precision resis- 
tor, Ry apc Connect in series, and all obtain 
excitation from the same current source, 
Lxc: The voltage generated across R,,,.,.. 
determines the exact value of the excita- 
tion current. Hence, the current source 
need not be particularly stable over tem- 
perature. R.,,, offsets input pair AIN7/- 
AIN8 by more than 100 mV from 
ground. R,,,, is also a 4700 resistor but 
need not be a precision resistor. The 
ADR421’s 2.5V precision voltage refer- 
ence directly drives the REFIN1(+)/REF- 
IN1(—) inputs. 

With I, set to 300 wA and the inter- 
nal programmable-gain amplifier set to 
the 40-mV full-scale range, the ADC pro- 
duces usable resolution of 2.4 wV. With 
1000, RTDs, it accurately resolves a 
0.02°C temperature differential between 
the two ends of the terminal block and 
has an absolute accuracy of +0.01°C for 
either measurement. The differential 
analog input pair, AIN1/AIN2, of the 
AD7708 reads an input voltage equal to 
I,yc(RTD 1), where RTD 1 represents the 
resistance of the first RTD element. A sec- 


ond differential input pair, AIN5/AIN6, 
reads an input voltage equal to I,,..(RTD 
2), where RTD 2 represents the resistance 
of the second RTD element. One source 
of error pertains to the RTDs themselves. 
The most common type is the 1000 plat- 
inum RTD with a resistance-temperature 
coefficient of 0.003850/Q/°C. It is avail- 
able in accuracy-tolerance classes A and 
B (or DIN A and DIN B), which specify 
both the initial accuracy at 0°C and the 
interchangeability over the operating 
range. The Class A specification is 
+(0.15+0.002|t|), where t is the specified 
interchangeability temperature; the Class 
B specification is +(0.30.005|t|). 

It is possible to buy two Class A, 1000, 
platinum RTDs from the same manufac- 
turer and find that one is reading 0.2°C 
high at 25°C and the other is reading 
0.2°C low at 25°C. Thus, you have an ap- 
parent 0.4°C difference before you even 
commission t. One way to combat this 
initial error is to request a matched pair 
of RTDs from the manufacturer. Leading 
RTD manufacturer Heraeus Sensor 
(www.4hcd.com) makes available PRTDs 
(platinum RTDs) that Heraeus sorts into 
tolerance groups with maximum At 
=+0.05°C over 0 to 100°C. A lower cost 
solution and one that uses off-the-shelf 
RTDs is to use the offset and gain regis- 
ters on the AD7708 ADC to calibrate each 
of the RTD errors. Noise pickup may be 
an issue if the hot junction of the ther- 
mocouple is a long distance from the 
measurement electronics. The very-high- 
input-impedance buffer inside the 
AD7708 allows the addition of lowpass 
filters R,-C, and R,-C, to the AIN3/AIN4 
inputs to attenuate high-frequency-noise 
pickup in the wiring. 

A single-ended analog-input channel, 


AINS9, and three burnout resistors, R,, 
through R,,, provide both thermocouple 
open-circuit, or burnout, and short-cir- 
cuit-detection functions by forcing the dc 
bias levels of AIN3/AIN4 away from their 
normal operating levels of approximate- 
ly 2.5V. A thermocouple short-circuit 
fault condition from either Metal A or 
Metal B to ground pulls the voltage across 
R,, to OV. A thermocouple open-circuit 
fault condition on either Metal A or Met- 
al B causes the voltage across R,, to move 
to 1.66V. You can program either of these 
voltage levels (converted by AIN9) to 
raise an alarm signal. 

A more difficult fault condition to de- 
tect is the condition in which the two 
thermocouple wires short only to each 
other. In this case, a new thermocouple 
junction forms at the location of the 
short circuit, and the junction behaves 
like a normal thermocouple. The only 
way to detect this fault condition is to 
implement a rate-of-change alarm in 
software. If the two wires short together 
at the exit of the thermo-well, the new 
thermocouple junction may well experi- 
ence much the same temperature that 
the original thermocouple junction ex- 
perienced. This fault condition is diffi- 
cult to spot. However, if the short circuit 
occurs a long distance from the original 
thermocouple junction, then this new 
junction may be at a different tempera- 
ture from that of the original junction 
and produces a rate of change that chan- 
nel does not normally see. You can use 
this abnormal change to flag an alarm 
condition. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Solve low-frequency-cutoff problems 
in Capacitive sensors 


Julius Foit, Czech Technical University, Prague, Czech Republic 


NE OF THE FIRST PROBLEMS a Ca- 
pacitive-sensor analog designer 
must face is the low-frequency cut- 


off. Theoretically, you must fulfill just one 
simple requirement: a sufficiently large 


94 EDN | NovEMBER 28, 2002 


input resistance of the preamplifier’s first 
stage. In practice, however, many prob- 
lems lurk behind the seemingly straight- 
forward design rules. First, the preampli- 
fier’s active device must have a defined dc 


operating point. Using field-effect de- 
vices renders the dc input current of the 
first active device (a JFET or a MOSFET) 
so low that you can neglect it in most cas- 
es. On the other hand, the circuit must 
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have some dc-path-creating resistor to 
present the required dc potential to the 
input electrode. Assuming that a typical 
miniature capacitive sensor, such as a 
high-quality capacitive microphone, has 
a small capacitance of 20 to 50 pF, for ex- 
ample, the resistor value to ob- 
tain a cutoff frequency as high as 
50 Hz would be on the order of 10° to 
10°. Resistors with such high values are 
difficult to find in SMD formats, are ex- 
pensive, have poor accuracy and stabili- 
ty, and are large and noisy. Moreover, fur- 
ther difficulties appear when the 
capacitive sensor requires an external po- 
larization voltage. Such a polarization 
voltage may have a value of 100V or 
more. This voltage must connect to the 
sensor Via a separate circuit, and it some- 
times creates problems if the need to have 
at least one side of the sensor 
grounded emerges. And, as in all 
similar cases, the preamplifier should be 
as close to the sensor as possible. It should 
consume minimal space, need few con- 
necting leads, and produce as little heat 
as possible. The circuit in Figure 1 rep- 
resents one possible approach to meeting 
these challenges. 

The circuit uses electronic multiplica- 
tion of the gate resistor, R,, value via pos- 
itive feedback through the source-fol- 
lower action of JFET Q,. The multi- 
plication factor isa=g,R,. (Note: g, is the 
real part of the differential forward trans- 
fer admittance in common-source con- 
nection.) Assuming a typical value of 


C,=33 pF, reasonable values of 
R,=10 MO and R,=10 kO and 


assuming a conservative value of g,=5 
mA/V (typical in the JFET type BF245B 
at V,,.=0V and V,,.=15V), you obtain 
the following low-frequency cutoff: 

1 


L=> 9.6 Hz. 
2MC Ry gpRo 


With this method, notwithstanding 
the extremely small sensor capacitance 
and conservative values of all other com- 
ponents, you obtain a respectable cutoff 
frequency. At the same time, to get the re- 
quired high polarizing voltage to the sen- 
sor while keeping one side connected di- 
rectly to ground, you can use a supply 
voltage, Vop =Vos +V potarizinc™ 1 SV, 
where V =I,R, and I, is the 


POLARIZING Di “2? 
JFET’s drain current at the selected V,,, 
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An operational amplifier provides yet another 
means to achieve high impedance for capacitive 
sensors. 


and V,,=0. Thus, you provide a polariz- 
ing voltage of 100V to the sensor. Other 
advantages of the circuit are obvious at 
the first glance: Only two elements of the 
circuit, R, and Q,, must be connected di- 
rectly at the sensor’s location. Both these 
components are readily available, and 
they are physically small (usually consid- 
erably smaller than the sensor itself), so 
they pose no space problems. The heat 
the JFET produces—150 mW—is low 
enough to be negligible in most applica- 
tions. The circuit needs only three wires 


for connection, and one of them can also 
serve as cable shielding. The connecting 
cable can be quite long; its maximum 
length is limited primarily by its capaci- 
tance, which determines the upper cutoff 
frequency. In most applications, the up- 
per cutoff frequency of the sensor itself is 
low enough to permit a rather long cable. 
The only minor disadvantage of the cir- 
cuit lies in its total power consumption, 
mostly dissipated in R, (1W in this case). 

In cases not requiring a high polariz- 
ing voltage, the value of R, might become 
too small to obtain a sufficiently large 
multiplication factor, a. Then, another 
JFET, Q,, can replace R, (Figure 2). This 
JFET has its gate shorted to its source and 
operates as a constant-current source. 
You can calculate the R, multiplication 
factor « from the same formula as for 
Figure 1, with the R, value replaced by 
the value of Ro irq) 1/8p5q9- You must 
lower the overall supply voltage, V,,,,, ac- 
cordingly to provide the same operating 
point for Q,. The processing stage, the 
amplifying stage, or both immediately 
following the preamplifier should not 
have too small a differential input resist- 
ance; this resistance appears in parallel 
with R, or Q,, so it reduces the multipli- 
cation factor, a. A noninverting input of 
an operational amplifier easily satisfies 
this requirement. 

Choosing a less common but still rea- 
sonable value of R, =100 MO pushes the 
low-frequency cutoff below 1 Hz with no 
other changes in the circuit necessary. 
The dynamic range of the preamplifier is 
respectable. The maximum permissible 
positive swing of the input voltage is 
equal to the forward threshold voltage of 
Q,’s gate-insulating pn junction multi- 
plied by the same multiplication factor, 
a, as the input resistance. In the circuit 
of Figure 1, with the cited component 
values, at a 300K temperature and 
Vc= HSV, the permissible swing exceeds 
5V peak. The JFET alone determines the 
noise figure; hence, it is rather low. The 
maximum permissible negative swing of 
the input voltage is usually much larger. 
A second possible solution of the low-fre- 
quency-cutoff problem in capacitive-sen- 
sor analog preamplifiers appears in the 
case of electret-biased sensors. These sen- 
sors need no external polarizing voltage, 
thus simplifying the overall power-sup- 
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ply design. In these cases, you can achieve 
an even larger multiplication factor of 
the biasing resistance by applying unity 
positive voltage feedback in an opera- 
tional amplifier (Figure 3). 

To obtain a full unity positive voltage 
feedback in the circuit, the value of R, 
should be zero. A minor complication 
exists, however. To prevent dc instability 
(bistable flip-flop behavior), a dc path in 
the positive-feedback circuit must not 
exist. C, is the dc-blocking device. Un- 
fortunately, C, introduces another pole 
in the transfer function of the circuit. To 
render its effects negligible, C, would 
need an uncomfortably large value. As 
long as you are prepared to sacrifice a bit 
of the otherwise extremely large R,-val- 
ue multiplication factor, a (theoretically 
equal to the open-loop voltage gain of 
the operational amplifier, or 105, typi- 
cally), you can use a C, value several or- 
ders of magnitude smaller under the 
condition that doing so introduces some 
additional damping into the circuit by 
means of a nonzero value of R,. R, is nec- 


essary to provide a correct dc potential 
(quiescent operating-point conditions) 
for the noninverting input of the opera- 
tional amplifier. 

A detailed analysis of the circuit in 
terms of stability and its response to har- 
monic and step-signal drive is rather 
lengthy. You can base the analysis on the 
rules of general active-filter theory, or 
you can simulate the circuit behavior 
with any of the common simulation 
tools, such as Spice. By an intelligent 
choice of passive-component values, you 
can easily control the circuit’s behavior 
in terms of low-frequency cutoff. Thus, 
you can obtain a maximally flat fre- 
quency response or a maximally flat 
transient response or set a predeter- 
mined amount of overshoot in the re- 
sponse to a step input, for example. The 
operational amplifier must have quies- 
cent dc currents of both inputs as low as 
possible. CMOS op amps are best in this 
respect. The circuit of Figure 3 requires 
a somewhat larger space for components 
in the immediate vicinity of the sensor, 


as well as four instead of three connect- 
ing leads. On the other hand, it is less 
sensitive to external loads than are the 
circuits in figures 1 or 2. 

The op amp in Figure 3 is a TS271, 
a CMOS op amp from STMicroelec- 
tronics (www.stmicroelectronics.com). 
The low-frequency cutoff is at 7 Hz, and 
the step-response overshoot is 0%. With 
larger values of C, and smaller values of 
R,, you can easily achieve a low-frequen- 
cy cutoff of 0.1 Hz or lower. The circuit 
in Figure 3 is well-suited for micropow- 
er applications. Using a micropower 
CMOS operational amplifier, you can re- 
liably obtain 10 years of unattended op- 
eration with standard passive compo- 
nents and just a single coin-sized lithium 
cell as the power source. The properties 
of the operational amplifier fully deter- 
mine the high frequency cutoff and dy- 
namic range of the circuit in Figure 3. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Noninverting op-amp circuit has simple gain formula 


José Carrasco and Ausias Garrigés, Universidad Miguel Hernandez, Elche, Spain 


ing and noninverting amplifiers 

based on operational am- 
plifiers. These amplifiers have 
different gain equations. Whereas in the 
inverting configuration, the gain is the ra- 
tio of the feedback and input resistanc- 
es, in the noninverting amplifier, the gain 
ratio has an added term. In some designs 
and for the sake of simplicity, it would be 
desirable to have a simple, proportional 
gain ratio (for gains above and below 
unity) for both inverting and noninvert- 
ing amplifiers. The noninverting ampli- 
fier in Figure 1 has a simple, proportion- 
al formula for the gain: V,..= 
V x(R,/2R, ). This gain is proportional to 
a resistor ratio and can take any value. R, 
has no influence on the gain. If you need 
a noninverting amplifier with a gain ra- 
tio identical to that of an inverting am- 
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This noninverting amplifier has a simple, pro- 
portional gain formula. 


plifier, the circuit in Figure 2 fills the bill. 
Its close-approximation gain formula is 
Vour= Vin(R/R,)- 

However, in the circuit of Figure 2, 
some restrictions in the choice of R, arise. 
The accuracy of the gain formula of the 
circuit depends on R,’s being much low- 
er in value than R, or R,. Nevertheless, 
comparing the exact expression for the 
gain and the above approximation proves 
that R, is 10 times lower in value than R, 


This noninverting amplifier has a gain formula 
identical to that of an inverting amplifier. 


or R,, whichever is smaller, and the gain 
error the approximation gives is less than 
5%, For an exact computation, the error 
is equal to R,/2 (1/R, —1/R,). For the se- 
lection of R,, you should take into ac- 
count the fact that most op-amp ICs have 
maximum output currents of approxi- 
mately 20 mA. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Controller IC and one-shot 
form resonant controller 


C Rajan, Centre for Advanced Technology, Indore, India 


ular because of high effi- 
ciency, low noise, and com- 
pactness. You can implement a resonant 
buck or boost converter using a single 
switch. The regulation of the output in 
such a converter derives from using a 
constant on or off time and a variable fre- 
quency. The UC1864 controller IC (Texas 
Instruments, www.ti.com) meets all the 
requirements for a single-switch qua- 
siresonant converter. But you also can 
achieve this performance with the inex- 
pensive and popular UC3842 current- 
mode controller in conjunction with a 
one-shot multivibrator. This circuit gives 
the desired current-mode operation 
along with constant off-time, variable- 
frequency operation. Figure 1 shows the 
controller circuit, configured as a reso- 
nant flyback converter for high-voltage 
generation. For the implementation of 
this function, the current-mode con- 
troller should have 100% duty cycle; thus, 
you can use the UC3842 or 3843. 
This circuit uses the 3842. The 
operation of the circuit is as follows. 
The output of IC,, the UC3842, is ina 
high state until the internal current-sense 
comparator goes high, and then the out- 
put of the IC switches low. As the output 
voltage goes low, IC,, the negative-edge- 
triggered one-shot CD4098B, triggers, 
and it generates a pulse. The pulse dura- 
tion is a function of the values of R, and 
C,, and this time interval is the constant 
off-time of the UC3842. The Q output of 
the one-shot sinks the base current of 
transistor Q, during this period, and so 
the transistor conducts. This action adds 
a 5V pulse to the ramp at the RT/CT pin 
(Pin 4). This voltage remains at 5V until 
the pulse ends and Q goes high. As it goes 
high, Q, turns off, but the voltage across 
CT is 5V, which is higher than the upper 
threshold of the RT/CT pin, so the inter- 
nal circuitry pulls the pin’s voltage to 
zero, and a fresh ramp and a fresh cycle 
start. 
You must select RT and CT in such a 
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These waveforms typify operation at low (traces C and D) and high (traces A and B) duty cycles. 


way that the output voltage goes low be- 
fore the ramp voltage reaches its upper- 
threshold level. If not, a glitch can occur 
in the output, arising from the time con- 
stant consisting of the output resistance 
of Q, and CT. Figure 2 shows the voltage 
waveforms at low and high duty cycles. 
Traces D and C show the output and 
RT/CT-pin voltages, respectively, at a low 
duty cycle and, hence, high frequency. 
Traces B and A show the same voltages, 
but at a higher duty cycle (low frequen- 


cy). You can see that the off-time is fixed 
in both conditions, and only the fre- 
quency changes to achieve the desired 
duty cycle. The voltage at the RT/CT pin 
gives a clear view of how the circuit mod- 
ifies the ramp. This control circuit gen- 
erates a 2-kV, 5-mA dc power supply us- 
ing a resonant flyback scheme, and it 
performs well. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Circuit folds back current during fault conditions 


Martin Galinski, Micrel Semiconductor, San Jose, CA 


lators at currents lower than 5A for 

most applications. Most manufac- 
turers of these devices integrate current- 
limiting and thermal shutdown to pre- 
vent damage during fault 
conditions. For currents greater 
than 5A, most linear supplies use con- 
trollers that allow the user to select the 
pass element to handle different current 
requirements. Although these linear con- 
trollers may offer current limiting, they 
generally don’t support thermal shut- 
down. This limitation requires the design 
to handle the maximum power dissipa- 
tion and maintain an acceptable junction 
temperature in the pass element. For ex- 
ample, assume that you use a 1.8V, 8A lin- 
ear supply operating from a 2.5V rail. The 
power dissipation in the pass element 
equals (V,.— Vou) XI oy p= (2.5V— 1.8V) 
X8A=5.6W. Over the specified temper- 
ature range, the pass element must be 
able to dissipate this amount of power 
and have a junction temperature lower 
than the maximum allowable for that de- 
vice. This approach probably requires 
three to four D-Pack-size MOSFETS. A 
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big problem arises when you examine 
power dissipation in a sustained short 
circuit. Then, the pass element must ac- 
commodate 20W of dissipation. It would 


woe ee we 


require 10 D-Pack-size MOSFETs to 
maintain an acceptable junction temper- 
ature. Thus, you must overdesign the 
supply, increasing cost and board size to 
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The circuit in Figure 1 cycles current in the event of a fault condition. 
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This circuit provides foldback current-limiting, thus reducing the power-handling requirements of the pass element. 


www.edn.com 


~ ideas 


survive a possible fault condition. The 
circuit in Figure 1 solves the problem of 
current-limit power dissipation. 

The circuit uses a separate control loop 
that “folds back” the currents during a 
fault condition without involving the 
problems of linear-foldback current lim- 
iting. Linear foldback can have problems 
tripping the current limit during start-up 
and returning to full load after a fault 
condition disappears. These problems 
tend to lock up the regulator in current- 
limited state. IC, provides a high-side ref- 
erence below the supply voltage and 
places this voltage on the inverting pin of 
comparator IC,. The comparator com- 
pares this reference signal with the MOS- 
FET side of R,. When the current exceeds 
the current-limit threshold, IC,’s invert- 
ing-input voltage is greater than that of 
the noninverting input. This state caus- 
es the comparator to pull the current- 
sense pin on IC, low. You can calculate 


the current-limit threshold as follows: 


R 
Viel Vier 
IN 1C3 Je] 


CURRENT LIMIT = 3 
R 
90.9 
2s-{1.225 sepram 
CURRENT LIMIT= eA Ut ; 
10 mQ 


CURRENT LIMIT=10.207A. 


When the current-sense pin drops 50 
mV below the input, the regulator turns 
the output off. This action then causes 
the current to go to zero, creating a high 
condition on the output of the com- 
parator. The comparator has an open col- 
lector; therefore, the I,,.... pin charges at 
the RC charge rate of R, and C,. The out- 
put of the regulator remains off, draw- 
ing no current, until the I... pin charges 
to 50 mV below V,,.. At this point, the 
output turns on. R, and C, provide a de- 
lay before re-engaging the current limit. 


This delay prevents the current required 
for charging the output capacitors from 
prematurely tripping the current limit. It 
also gives the circuit time to stabilize and 
to determine whether it can deliver the 
output current that the load demands. If 
the load is still too heavy, the current lim- 
it re-engages. Figure 2 is an oscilloscope 
photo of this circuit in operation. This 
cycling of current, although periodically 
delivering maximum current, integrates 
over time into a lower average current. 
You can calculate average current as a 
ratio of on- to off-time: I,,,=I,,X 
(Toy/T opp) = 10.2A X (2msec/17msec) = 
1.2A. This reduced average current 
equates to a reduction in power dissipa- 
tion. At 1.2A, the power dissipation de- 
creases to 3W. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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DPPs program key parameters of bandpass filter 


Chuck Wojslaw, Catalyst Semiconductor, Sunnyvale, CA 


tion of the state-variable filter 

in Figure 1 provides for sec- 
ond-order bandpass, highpass, and low- 
pass responses. The strength of the cir- 
cuit, however, is in the bandpass response 
(Vouy/V,y)> in which it’s easy to achieve 
high gain (G) and high Q. These two 
characteristics are important in applica- 
tions in which selectivity is a key param- 
eter in the filter. The application value of 
the circuit becomes even greater when 
DPPs (digitally programmable poten- 
tiometers) control and vary the band- 
pass filter’s center frequency, f,, and pass- 
band gain, G. The independent control 
of a bandpass filter’s parameters is a 
rarity among traditional filter-circuit 
techniques. 

For the filter, IC, functions as a sum- 
ming amplifier, and IC, and IC, function 
as integrators. Three potentiometers, 
DPP,, DPP,, and DPP,, program the 
center frequency and passband gain of 
the filter. The 100-tap Catalyst poten- 
tiometers, DPP, and DPP.,, are electron- 
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Encoder and PC make 
complete motor-control system 


Use PSpice for behavioral 


modeling of VCOs 


Grcuit delivers high voltage 
swing from lower supplies 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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10k NOTES: 


Ri Re 
pR (1-p)R 


DPP,, DPP2, AND DPP3 ARE CAT5113s. 
ICy, ICz, AND IC3 ARE 1/4 LMC6484. 


Using digitally programmable potentiometers, you can control a passband filter's center frequency 


and gain. 


ically ganged to program the frequency, 
f,, and DPP, programs the gain, G. The 
center frequency is f,=1/(27R,C,)= 
1/(27pRC, ), and the gain is G=R,/R, = 
(1—p)/p, where p represents the relative 
position of the wiper from one end (0) of 
the potentiometer to the other end (1). 
R represents the DPP’s end-to-end re- 
sistance. The gain and Q are related by 
Q=(1+G)/2. The increment/decrement 
interface of the CAT5113 DPP allows for 
real-time, closed-loop applications, in 
which you can continuously vary the cen- 


ter frequency of the filter to track an in- 
put signal or to accommodate a system- 
level requirement. For the values shown, 
the center frequency varies from less than 
200 Hz to more than 6 kHz with gain val- 
ues as high as 25. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


DECEMBER 12, 2002 | EDN 97 


2 ideas 


Encoder and PC make 
complete motor-control system 


Steve Woodward, University of North Carolina, Chapel Hill, NC 


ISA-bus-resident interface circuit; a 

garden-variety PC; a high-resolution 
optical shaft encoder; and a PWM-con- 
trolled, 0.05-hp, brushed, permanent- 
magnet dc motor to make a high-preci- 
sion and high-power motion-control 
system. The system sequences the precise 
rotation of an evacuated steel bell jar sev- 
eral feet in diameter, such as those used 
in molecular-beam spectroscopy (Figure 
1). Although the speed of the intermit- 
tent rotation of the jar isn’t fast, the sys- 


T HIs DESIGN IDEA COMBINES a simple 
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6.3V 
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tem needs large torques to overcome the 
friction of a large O-ring seal that is sub- 
jected to tens of tons of atmospheric 
pressure. Moving against this drag re- 
quires a heavy-duty drive that energizes 
a 48W (24V, 2A) motor. A different 
choice of MOSFET in Figure 1 would al- 
low the system to handle even heavier 
loads. 

The quadrature-output, incremental 
optical shaft encoder that this Design 
Idea uses is popular in high-perform- 
ance, bidirectional, rotation-sensing ap- 


3.1211. 10 
O>0 
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bod 
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plications. Incremental encoders provide 
an inexpensive and reliable means for 
digital readout of bidirectional mechan- 
ical motion. They’re usable to 10,000 rpm 
and higher. However, the interface logic 
they need can sometimes be problemat- 
ic. Such logic typically includes at least 
one 16-bit or longer bidirectional count- 
er. Several handy peripheral chips, such 
as the 8253, 8254, and 9511, are available 
that implement unidirectional counting, 
but bidirectional counter chips are com- 
paratively scarce. ASICs can provide the 


TO 
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This block of bidirectional logic and a PC comprise a complete motion-control system. 
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needed functions, and hard-wired 
or programmable logic is a viable, 
though component-count-inten- 
sive, option. 

Unfortunately, none of these op- 
tions is ideal from either a cost ora 
pce-board-area standpoint. This al- 
ternative combines the industry- 
standard 82C54_ unidirectional 
counter-timer peripheral chip with 
simple software to create a conven- 
ient interface between quadrature 
encoders and the ISA PC I/O bus. 
Thus, you can easily digitize bidi- 
rectional motion. The trick is to use 
two of the three unidirectional 
counters in the 82C54—one for 
each encoder-rotation direction. 
Reference 1 describes the logic in- 
volved in detail. This Design Idea 
expands upon the material in Ref- 
erence 1 by closing the motion- 
control loop with an 8-bit-resolu- 
tion, digital PWM motor-speed- 
control circuit. The PWM modu- 
lator consists of counter-timer 0 
(CTO) of the 82C54, operating in 
retriggerable-one-shot mode and 
controlling the Q,-Q, drivers for 
the MOSEET, Q,. 

The HC4040 provides a 7.2- 
MHz clock to CTO and triggers CTO 
at 28 kHz (7.2 MHz/256). The re- 


LISTING 1—-MBASIC DEMO PROGRAM FOR MOTION CONTROL 


DEFINT I 

IOADD = 6H300: ' BASE ADDRESS POR MOCONT CARD 

ICO « TOADD: ICl «= TCO + 11 TC2 # TCO + 2+ ICS » ICO + 3: ' BAS4 COUNTER 
ADDRESSES 

TREV = 4: ' MOTOR-REVERSE BIT 

OUT ICS, 6H12: ' PROGRAM PULSE-WIDTH GENERATOR IN CO 


OUT ICS, N70; OUT ICG, &NBO: * SETUP CW/CCW COUNTERS IN Cl AND C2 
Our ICO, 5: "START PULSE-WIDTH GENERATOR 

OUT ICS, &NDC: "LATCH Cw/CCWw 

ILL = INP(IC1): ICW = INP({IC1)} 

t2u = IMPitc2): ICCW = IMPi(rCc2) 

OUT ICl, Illy OUT ICl, ICWr *...INITIALIZE CW/CCW COUNTERS 

our Ic2, I2L: ovr r1c2, ICCW 
OFFSET = Tit - I2t + 256! © (tCWw - ICcw) 

CLS : PRINT TAB(20); “MOTION-CONTROL-ADAPTER DEMO" 
PRINT TAB(16); "W. S&S. Woodward...March 16, 1990" 
PRINT *POSITION=-": PRINT +: PRINT : PRINT 


PRINT *HIT ‘1' TO SLOW BY 4 STEDS OUT OF 256* 
PRINT * ‘2' TO SLOW BY 3° 

PRINT * ‘3' TO SLOW BY 2" 

PRINT * ‘4' TO SLOW BY 1° 

PRINT * 'S' TO SPEED UP BY 1 STEP* 
PRINT * ‘6' TO SPEED BY 2" 

PRINT * ‘T' TO SPERD BY 3° 

PRINT * ‘8’ TO SPEED BY 4* 

PRINT 

PRINT " *R' TO STOP AND REVERSE" 
PRINT 

PRintT " "T’ TO INVERT SPEED SETTING" 
AROUND: 


OUT ICS, 6HDC: ‘LATCH CW/CCW 

Tit = INPI(TCL) + TiM = IMP(ICL)+ IP T1M > ICW THEN OPPSET = OFPSET + 65536 
Icw + I1mM 

T2k = IMP(IC2): Lam = IMP(TC2): ITF I2M > ICCW THEN OFFSET « OPFSET - 65536 
Iccw = I2M 
LOCATE 3, 10: PRINT TIL ~ I2L + 2561 © (IlM - 12M) + OFFSET 

IKEY = INSTR(" 1234-S678RT", UCASES (INKEYS)) ~« 6: IF IKEY <= «5 THEN GOTO AROUND 


IF IkEY = 5 THEM IKEY = -ISPERD + 1: ICL = ICL XOR IREVi IC2 = IC2 XOR IREV: ICO 


sult is a variable-duty-factor PWM 
waveform at CT0’s output (O,). Q, 
and Q, buffer and boost the wave- 
form to 12V p-p and apply the 


» ICO XOR IREV: ICS = ICS XOR IREV 
Ty IkEY = 6 THEW IKEY = (IGPEED XOR 255) - ISPRED 

ISPEED = ISPEED + IKEY: IF ISPEED > © AND ISPEED < 256 THEN OUT ICO, ISPEED ELSE 
ISPEED = ISPEED - 
GOTO AROUND 


IkgyY 


boosted waveform to the gate of 
MOSFET Q,. The MOSFET then 
modulates the 24V-dc motor-supply rail 
and thus generates a more-than-95%-ef- 
ficient, programmable motor-speed con- 
trol. The motor’s armature inductance 
combines with flyback diode D, to filter 
the high-frequency components of the 
28-kHz PWM waveform and to extract 
the dc component. Minimizing the time 
the MOSFET spends between full-off 
and -on states is critical to the efficiency 
of this PWM circuit, as in all power-han- 
dling topologies. 

The Q,-Q, driver circuit achieves fast 
MOSFET on/off transition times of ap- 
proximately 10 nsec, as well as minimal 
12V supply-power consumption. The 
driver circuit achieves these two goals by 
avoiding saturation-induced cross-con- 
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duction of Q, and Q,. The circuit avoids 
the cross-conduction by taking advan- 
tage of the fact that Q,’s gate presents an 
almost entirely capacitive load to the Q.- 
Q, pair. Therefore, although currents of 
approximately 100 mA into Q,’s gate are 
necessary during on/off transitions to 
ensure efficiency-promoting speed, the 
drive requirement drops to zero between 
transitions. The circuit takes advantage 
of the situation by using capacitive drive 
to Q, and Q,. Coupling capacitors C, and 
C, deliver robust base drive during rise 
and fall edges but virtually no drive after 
the transitions. Hence, the circuit avoids 
cross-conduction of the bipolar transis- 
tors. Meanwhile, R, provides just a trick- 
le of dc bias to Q,, so that Q, and, there- 


fore, the motor stays off before the pro- 
gramming of the 82C54, regardless of 
whatever arbitrary state the IC may as- 
sume after power-up. Q, is a pnp tran- 
sistor that controls the direction-revers- 
ing relay, K,. Listing 1 isan MBasic demo 
program for the motion-control system. 
You can download the software from the 
Web version of this Design Idea at 
www.ednmag.com. 
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Use PSpice for behavioral modeling of VCO0s 


Dobromir Dobrev, Jet Electronics, Sofia, Bulgaria 


ily for PC users, is becoming 

a standard tool for analog 
and mixed analog-digital simulation. 
Many analog designers are familiar with 
the software of Design Center, Design 
Lab, and OrCad (www.orcad.com) 
PSpice and use the software in their 
everyday lives. This Design Idea should 
be helpful to those who design and sim- 
ulate PLL systems at a behavioral level. A 
basic PLL system comprises a phase de- 
tector, a loop filter, and a VCO (voltage- 
controlled oscillator), connected in a 
negative-feedback loop. The phase de- 
tector produces a voltage that, after low- 
pass-filtering by the loop filter, becomes 
an error voltage, V,, applied to the con- 
trol input of the VCO to set the an- 
gular frequency, (w). When V,,.=0, 
the VCO oscillates at some initial fre- 
quency, w,, called the frequency offset or 
free-running frequency. The output 


P SPICE, A MEMBER Of the Spice fam- 


frequency of the VCO is: 
o(t)=0,+G,oV,(t). (1) 
Here, 
dw f 
G = — = 2n—=20 5 (2 
veo AV, dV, Svco> (2) 
where G,,, is the VCO’s voltage-to-radi- 


an frequency gain in radians per second 
per volt and g,_,, is the VCO’s voltage-to- 
frequency gain in hertz per volt. Consid- 
er a sinusoidal voltage with amplitude 


Vvpp argument 0(t), and dc offset V_,...: 


V(t) = Vampr sin(O(t))+ Vopr. (3) 


The argument 0(t) is the time integral of 
the angular frequency: 


A(t) = fw(t)dt + 600). (4) 


Assuming w is constant and substituting 

Q(t) in V(t) yields the popular form: 
V(t) = Vampr sin(ot + 8(0))+ Vopp - (5) 

If w is not constant, the general form is: 
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This PSpice simulation example symbolically represents the transfer function for a VCO. 
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A simulation example shows the results for the behavioral model of a VCO. 

Vyco(t) = Vamer 
sin(J(@p + GycoVe(t))at) 
+Vorr = Vamp sin 


(Oot + Gyco] Ve (tdt) + Voge - 


V(t) = Vampr sin(J(o(t)dt + 6(0)) é 


+Vopr - 
Replacing w(t) with Equation 1 and con- 
sidering 0(0)=0, you obtain the VCO’s 
transfer function: 


(7) 
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Equation 7 is the heart of the VCO’s 
time-analysis modeling. Thus, you can 
easily perform VCO behavioral model- 
ing, using the ABM1 part from the Ana- 
log Behavioral Modeling Symbol Library 
abm.slb (abm.olb in OrCad Capture). 
You can simply write the formula for the 
transfer function, adapted for PSpice. 
Figure 1 shows the PSpice representation 
of the process. Figure 2 shows a simula- 
tion example, in which V,, is the VCO’s 


input voltage, and V_,,,,,, is the output 


voltage. Because most phase detectors 
(types I, II, and IID) use a digital input sig- 
nal, you can easily obtain a digital VCO- 
output waveform using the conditional 
expression above the lower box in Figure 
1. The simulated curve is Viouny also 
shown in Figure 2. Finally, for loop-gain 
evaluation in ac analysis, you simply 
model the VCO in the frequency domain 
in an ideal integrating unit, using the 
Laplace form T\,,(s)=G,,,/s. Most ob- 
vious behavioral VCO models are based 


on a real circuit concept. Thus, they com- 
prise many elements—for example, con- 
trollable sources, capacitors, and others. 
Hence, the models are complicated. This 
modeling is simple without involving su- 
perfluous computation resources. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Circuit delivers high voltage swing 


from lower supplies 


Bruce Carter and Ron Shakery, Texas Instruments, Dallas, TX 


in applications such as test-and- 

measurement instruments is con- 
stantly increasing, but the power supplies 
impose limitations on the operational 
amplifier rails make the high-voltage 
need a challenge for designers. How do 
you deliver high-voltage swings to a load 
without increasing the voltage levels of 
the power supplies of the operational 
amplifier? In other words, for example, 
how can you produce a + 16V or greater 
signal swing across the load using only 
*+15V power supplies? The circuit in Fig- 
ure 1 uses a fully differential amplifier to 
offer an answer to this problem. Fully dif- 
ferential amplifiers enable you to deliver 
an output-voltage swing beyond the rails 
into the load. One of the common prob- 
lems in working with operational ampli- 
fiers is the limit that the power-supply 
rails impose. The standard since the days 
of analog computers has been +15V. 
Analog computers are gone, but their 
legacy remains in the power-supply volt- 
ages. These voltages find widespread use 
in transducer interfaces and applications 
in which voltage swing and dynamic 
range are of primary importance. 


T* NEED FOR HIGHER Voltage swings 
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This +15V supply voltage notwith- 
standing, applications exist that require a 
higher swing range beyond the power- 
supply limits. Typical +15V operational 
amplifiers are seldom optimized for rail- 
to-rail operation, and their useful out- 
put-voltage range may be only 24 to 26V. 
Many audio consoles use older technol- 
ogy 741 op amps with +18, +20, and 
even +22V power supplies to obtain 
more voltage swing and, therefore, more 
dynamic range from their systems in light 
of this limitation. The op amps in these 
systems often run hot and have heat 
sinks. The advent of fully differential op 
amps has given designers a better way to 
extend the output-swing range. Fully dif- 
ferential operational amplifiers 40 to 50 
years ago were tube or discrete-transistor 
units. They have recently re-emerged as a 
way to interface to fully differential A/D 
converters and applications in which the 
load needs differential drive for better 
swing range or to reduce the noise effects 
in the systems. 

The outputs of fully differential op 
amps have a characteristic that makes 
them useful for doubling the swing. The 
two outputs are 180° out of phase: When 


one output swings positive, the other 
swings negative and vice versa. The net ef- 
fect is similar to what happens in a 
bridged amplifier: The effective output- 
voltage range doubles. The price of dou- 
bling this output-voltage swing is that you 
can no longer connect the output load to 
ground. Designers of automotive audio 
amplifiers are familiar with this concept: 
Audio-power bridged amplifiers have a 
fully differential output. Many installers 
have learned the hard way that the minus 
speaker connection cannot connect to 
ground. When the output voltage dou- 
bles, power quadruples. This feature is 
useful for audio power amplifiers in a lim- 
ited-power-supply-voltage application. 
To illustrate the advantage of fully dif- 
ferential outputs, assume that a fully dif- 
ferential op amp has a voltage-rail limi- 
tation of +13V when operated from 
+15V supplies. The absolute- maximum 
output range of each output is +13V. But 
when the top output is at 13V, the bottom 
output is —13V: (13V) —(—13V)=26V. 
When the top output is — 13V, the bot- 
tom output is 13V. As a result, the out- 
put voltage is (—13V)—(13V)=—26V. 
Therefore, the output-voltage range is 
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SENSE AMPLIFIER 


WIRE 
LOSSES 


LOAD 


Similar to a bridged audio amplifier, this op-amp circuit delivers output-voltage swings to the load 


beyond the span of the power supplies. 


*+26V, which enables the output to swing 
from —26V to +26V, resulting in a dou- 
bled voltage-swing range. Fully differen- 
tial op-amp designs require that the two 
feedback loops be symmetrical; the com- 
ponents in the top and the bottom sec- 
tions must be the same. In Figure 1’s 
schematic, the components in the top 
feedback path are labeled “A,” and those 
in the bottom are labeled “B.” When this 
design references a designator, the com- 
ment applies to both paths A and B. 
The gain of the overall circuit is 
Vourl Vin=R,/R,. The location of the 
load is often at the end of a balanced line. 
You cannot discount the effect of the 
wire; it affects the amplitude across the 
load, reducing the expected gain of the 
system. The sense lines help compensate 
for the voltage drop across the lines, re- 
sulting in the delivery of the targeted 
voltage to the load. The two sense am- 
plifiers in the schematic are each com- 


posed of an op amp and resistors R, 
through R.. R, acts as a summing com- 
ponent, adding small-signal amplitude 
equal to the voltage drop of the wire back 
into the input, boosting the op amp’s 
output such that the expected gain ap- 
pears at the load. If you make R, though 
R, equal in value to R,, then it is easy to 
calculate R, : It takes the same value as R,. 
If R, through R, cannot be equal to R,, 
then R, should be proportional to R,. You 
should be aware that the resistors in the 
sense amplifiers change the load charac- 
teristics. For 6000 audio-distribution 
systems, this fact is less of a problem than 
itis in 50Q. systems. You should be aware, 
however, of the output-drive character- 
istics of your operational amplifiers, if 
you wish to deliver the exact desired volt- 
age swing to the load. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Frequency comparator has status output 


Susanne Nell, Breitenfurt, Austria 


e original application for the 
circuit in Figure1 was to check 
the number of revolutions of 


an engine with only oneLED asan indi- 
cator. The measurement of the number 
of revolutions usually involves sensors 
with a frequency output proportional to 
the number of revolutions. The circuit 
compares the frequency output of such 
asensor with alower and upper limit and 
gives a visual result, using oneLED. If the 
frequency is below the lower limit, the 
LED remainsunlit. If thefrequency isbe 
tween thelimits, theLED blinks at acon- 
stant rate, and if the speed is higher than 
the upper limit, the LED stays perma- 
nently lit. Although amicrocontroller can 
do this job, it is sometimes better to use 
an analog circuit— for example, if the 
frequency you want to check is too high 
for asimplecontroller. The circuit in Fig- 
ure 1 uses one standard, inexpensive IC, 
and you need not write any software It 
is also less costly than a comparable mi- 
crocontroller-based circuit. 

Themain part isIC,,a 74H C4046 PLL 
chip. With a12V supply, you can also use 
the CD 4046 without an additional volt- 


Frequency comparator 
has status output. 


Envelope follower combines 
fast response, IOW ripple .....scssssseesssssesee 


Positive regulator makes 
Negative dc/dc CONVEFTEL.....ssssseseOO 


Multiplexer amplifiers form large, 
multiplane-multiplexer structures ........0.62 


Circuit provides watchdog 
for microcontrollers 


Circuit translates ’C voltages 


Publish your Design Idea in EDN. See the 
What's Up section at www.edn.com. 
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This analog frequency comparator uses an LED to indicate upper and lower frequency limits. 


ageregulator. The chip contains an oscil- 
lator, a phase comparator, and one am- 
plifier for theinput signal. Theinput sig- 
nal connects to the input of the phase 
comparator with its integrated ac ampli- 
fier. The circuit compares this amplified 
signal with the VCO frequency. This fre- 
quency is adjustable, usingC,, R,, and the 
voltage on Pin 9. If the frequency of the 
input signal is lower than that of the 
VCO, the output of the phase compara- 
tor (Pin 13) is low. In this case, Q, is off, 
Q, ison, and the LED is off, indicating 
“low frequency.” Resistors R,, R,, and R, 
determine the voltage on Pin 9 and the 
lower frequency limit switching point. If 
thefrequency of theinput signal increas- 
esand reaches the valueof theVCO'sfre- 
quency, the phase comparator’s output 
switches high. 

This high-level output turnsQ, on and 
Q, off. With Q, off, the voltage of the 


VCO increases to a second higher value 
determined by R, and R,, and the VCO 
generates the frequency for thehigh-lim- 
it switching point. If the frequency of the 
input signal is between these two limits, 
the phase comparator generates a rec- 
tangular waveform. The feedback capac- 
itor, C, determines the frequency of this 
waveform. With a value of 2.2 w.F for C,, 
you can achieve a frequency of approxi- 
mately 1 Hz. This frequency is the blink- 
ing rate for the LED. If the frequency of 
theinput signal increases to apoint high- 
er than the upper VCO frequency value, 
the phase comparator output stays high, 
and theLED turnson permanently. With 
the values shown in Figure 1, the lower 
and upper frequency limits are 3.81 and 
7.35 kHz, respectively. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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Envelope follower combines 
fast response, low ripple 


Harry Bissell, Royal Oak, M| 
nvelope followers extract am- 
E plitude information from complex 
audio waveforms. The resulting dc 
voltage often drives nonlinear stages, 
such as voltage-controlled amplifiers or 
filters. You must make a careful trade off 
between the speed of response to a rap- 
idly changing input signal and the 
amount of ripple in the dc output that 
you can tolerate. If thesystem is too slow, 
the output has low ripple but 
badly distorts the envelope 
shape. If it’s too fast, ripple can fi 
modulate the nonlinear stages, 
causing audible distortion 
products. Audio sources, such 
as a guitar, pose special prob- 
lems. The instrument has an 
attack of a few milliseconds ‘a 
and along decay time. Themu- 
sician may“mute’ the strings at 
any time, causing the normal 
exponential decay to terminate 
abruptly. The waveform 
is sometimes unsym- 
metrical and may have multiple 


AUDIO IN Q——————_ 
Ri 
10k 


zero crossings. The fundamental fre 
quency range is typically from approxi- 
mately 80 Hzto 1.5 kHz. Previous circuits 
have used a full-wave bridge and a large 
averaging filter. A filter time constant suf- 
ficient to reduce ripple makes the circuit 
unableto follow rapid changesin ampli- 
tude. Peak- detecting circuits can follow 
the rapid attack and provide low ripple 
during the exponential decay but cannot 
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Waveforms of typical circuit operation show the 


PEAK DETECT 1 
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improvement over full-wave average and peak-detecting 
circuits with similar time constants. 


follow therapid decay of amuted string. 
Thedesign in Figure features fast attack 
and low ripple with minimal filtering, 
and it can follow arapid decrease in sig- 
nal (mute). 

The circuit uses three identical peak- 
hold circuits in parallel that reset in a 
round-robin fashion. The circuit applies 
theinput signal to all three stages simul- 
taneously. As each stage resetsin turn, the 
two remaining stages still hold 
the last peak voltage. Diodes 
select the highest held voltage 
at the output of each peak- 
hold stage. A small RC filter 
smoothes the step response as 
the peak- hold circuits reset, so 
alower output voltage results. 
To ensure that one of the de 
tectors holds the highest peak 
value for the entire input pe 
riod, the reset clock period is 
slightly longer than one-half 
the period of the lowest input 
frequency. Figure 2 illustrates 
typical circuit operation and 
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This envelope detector provides the seemingly contradictory features of fast response and low ripple. 
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shows the improvement over full-wave 
average and peak- detecting circuits with 
similar time constants. CM OS Schmitt 
inverter IC, formsthe master reset clock, 
and C, and R, produce the desired pevi- 
od. CM OS counter IC, is aring counter 
that provides the sequential reset pulses. 


The peak-hold circuit isa classic config- 
uration with theaddition of the reset cir- 
cuit. R, and C, differentiate the rising 
edge of the reset pulse; this edge drives 
the base of Q ,. Series resistor R, prevents 
excessive op-amp current while Q, is 
conducting. The filter network compris- 


ing R,,R,, C,, and D, provides minimal 
filtering to reduce thestep changesin the 
output during unusually fast decay times. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Positive regulator makes negative dc/dc converter 


Keith Szolusha, Linear Technology Corp, M ilpitas, CA 


from a plethora of available 

positive buck regulators that 
can also serve as negative boost dc/dc 
converters. Some buck regulators have a 
negative- feedback reference voltage ex- 
pressly for thispurpose, but |Csthat have 
positive-reference feedback voltages far 
outnumber these negative feedback reg- 
ulators. You can take advantage of this 
greater variety of devices by using a pos- 
itive buck switch-mode regulator to cre- 
ate an excellent negative boost convert- 
er. All you need are a few small mod- 
ifications to the typical buck- converter 
configuration. Figure la shows a —5V- 
input to —9-output, 1.4A negative boost 
converter using the LT 1765EFE positive 
buck-converter, switch-mode regulator. 
This IC accepts 3 to 25V input, uses a 
1.2V feedback voltage, and has an inter- 
nal 3A power switch. The 1.25-MHz 
switching frequency of the LT1765EFE 
helps reduce thesize of theinductor and 
input and output capacitors. Figure 1b 
shows a typical positive buck- converter 
application for theLT 1765EFE: a12V-in- 
put to 3.3V-output, 2.2A dc/dc convert- 
er. Figure 2 shows an efficiency plot for 
the regulator in Figure la. 

In Figure 1a, the ground pin of theIC 
connects to the negative voltage V,,,,. 
This connection makes the negative 
boost-converter configuration providea 
positive voltage at the FB pin with respect 
to theground pin of thelC. In thistopol- 
ogy, the maximum input voltage rating 
of theIC has to begreater than the mag- 
nitude of output voltage for the negative 
boost converter. TheIC must also havea 


B ower -Suppl y designers can choose 
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22 pF 
16V 
X5R 
CERAMIC 


—Vout 


(a) 


LT1765EFE 
few=1.25 MHz 


fow=1.25 MHz 


—Vin 
CMDSH-3 


0.22 pF 
CDRH5D28-2R5 


D4 
UPS120 


3.3V AT 2.2A 
Vout 
CMDSH-3 O 


0.22 pF 
CDRH5D28-2R5 


The LT1765EFE positive buck converter can make a negative boost converter (a) or a positive buck 


converter (b). 


minimum input-voltage rating that is 
lessthan the magnitude of the input volt- 
age, to ensure that the circuit turns on 
upon power-up, because the output volt- 


age can have an initial state of OV. 

Note that the maximum output cur- 
rent for the negative boost converter in 
Figure 1a is much lower than the maxi- 
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mum output current of the positive buck 
converter in Figure 1b, even 
though they usethe same switch- 
mode-regulator IC. The buck- converter 
IC in both circuits has an internal pow- 
er switch with a switch current rating of 
3A. You choose the inductor based on 
maximum output current, peak switch 
current, and desired ripple current. First 
calculate the duty cycle (DC) and then 
calculate either the ripple current, I,,, 
based on the chosen inductor, L, or the 
inductor value based on the desired rip- 
ple current. It is generally good practice 
to choose the inductor value so that the 
peak-to-peak ripple current is approxi- 
mately 40% of the input current. These 
calculations are approximate and ignore 
the effect of switch, inductor, and Schot- 
tky-diode power losses. You calculate as 
follows: 
DC=(Voy7—Vin)V our: lin ~Y qur Xl our) 
(Vy Xm), where isthe overall efficien- 
CY. | p= I), X 40%; 1,,=(DCXV,,)(FXL), 
where f is the switching frequency; and 
L=(DCXV,,)/(fXI,,). 
Maximum inductor current, |, y,,, iS 
equal to the peak switch current in this 
configuration. TheIC has a maximum 
switch current, | gyr4qy» OF 3A, So the max- 
imum inductor current must remain 
below 3A. To keep switch current below 
the maximum, you might need more 
inductance to keep the ripple current 
low enough: (lac lena = lig ele 2) 
Maximum output current, | oy ri ay, !S an 
approximation derived from the maxi- 
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Efficiency of the negative boost converter in Figure 1a is as high as 85% and typically greater than 


80%. 


mum allowable input current given the 
FIP PIS CURES I a apaye= Wl wise lel 2) 
(Vi, Xn)/ Voyz- As in a typical boost 
converter, the input capacitor in theneg- 
ative boost topology has low ripple cur- 
rent, and the output capacitor has high 
discontinuous ripplecurrent. The size of 
the output capacitor is typically larger 
than that of the input capacitor to han- 
dle the greater rms ripple current: 
Liang apt We: and | 
VI—DC) aU, Fl ae 12): 
Theoutput capacitor’s ESR has adirect 
effect on theoutput-voltagerippleof the 
dc/dc converter. Choosing higher fre 
quency switch-mode regulators reduces 
the need for excessiverms ripple current 
rating. Regardless, a low-ESR output 
capacitor, such as a ceramic, can mini- 
mize the output-voltage ripple of the 
negative boost converter: AV 


COUTRMS 


OUTPP 


lwaaxSESReoyz Figures la and lb 
show the high-di/dt switching paths of 
the negative boost and positive buck 
dc/dc converters. You must keep thisloop 
as small as possible by minimizing trace 
lengths to minimize trace inductance. 
The discontinuous currents in this path 
create high di/dt values. Any trace in- 
ductance in this loop results in voltage 
spikes that can render a circuit noisy or 
uncontrollable. For this reason, circuit 
layout can be just as important as com- 
ponent selection. Note that the layout of 
a negative boost regulator differs from 
that of a positive buck regulator, even 
though they use the same IC. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Multiplexer amplifiers form 
large, multiplane- multiplexer structures 


Bill Stutz, Maxim Integrated Products, Sunnyvale, CA 


evariety of video sour ces avail- 
Te a home-video-switching sys- 
tem has grown from a few compos- 

ite inputs to many multisignal sources. 
Thesesourcesincludecable, H DTV, satel- 
lite dishes, VCR, DVD, video games in 
broadcast, and multi-PC or graphic 
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KVM (keyboard-video-mouse) applica- 
tions. Each requires an N XM -to-1 mul- 
tiplexer, in which M is the number of 
sources and N isthenumber of channels 
that make up the signal. As an example, 
16 RGB or Y, Pb, and Pr sources require 
a 3X16-to-1 multiplexer. Constructing 


such a multiplexer is difficult, and pro- 
gramming the source selection requires 
that you combine the individual 16-to-1 
multiplexer control with the three chan- 
nels (Table1). You can configurea group 
of analog multiplexers as a large, multi- 
planevideo multiplexer that easily selects 
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multichannel video sources, such as YC, 
RGB, and Y Pb Pr. The cited 3X 16-to-1 
multiplexer comprises six 8-to-1 multi- 
plexers (Figure 1) controlled by a 4-bit 
binary code for source selection. 
(MAX4315 ICs include a 2V/V fixed- 
gain output buffer.) 

Theonly external circuitry required is 
an SN 7404 hex inverter for inverting the 
shutdown signals and 75Q source and 
load resistors for implementing unity 
gain when driving a back-terminated 
load. Substituting a MAX4312 
eight-channel video multiplexer 
with variable-gain output buffer allows 
variable gain and rejects input common- 
mode voltages. The high bandwidth and 
slew rate of thesel Csmakethem ideal for 
selecting standard video and high-defi- GREEN INPUT 16 
nition broadcast video, as well as graph- 
ics sources with UXGA and higher reso- 
lutions for KVM applications. Thedesign 
requiresno additional buffering, because 
thelCscan directly drive 1500, back-ter- 
minated coaxial cable to within less than 
0.75V of thesupply rails, using single or 
dual supplies. Their 40-nsec switching 
speed and 10-mV p-p glitch voltage al- 
low, in addition to source selection, in- 
sertion of on-screen display, closed cap- 
tioning, and teletext in broadcast and 
graphics video. 


RED OUTPUT 


(a) 


(b) 
Is this the best Design Idea in this 
issue? Select at www.edn.com. 


EaeeelER 
RGB AO Al A2 A3 
1 0 0 0 0 
2 1 0 0 0 
3 0 1 0 0 
4 1 1 0 0 
5 0 0 1 0 
6 1 0 1 0 
if 0 1 1 0 
8 1 1 1 0 
9 0 0 0 1 INPUTS 9 TO 16 
10 1 0 0 1 
ll 0 1 0 1 INPUTS 1 TO 8 
R 1 1 0 1 
B 0 0 1 1 
4 1 0 1 1 
6b 0 1 1 1 This multiplane multiplexer selects any one of 16 input signals, each of which comprises red (a), 
16 1 1 1 1 green (b), and blue (c) channels. 
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Circuit provides watchdog for microcontrollers 


VM Holla, Bangalore India 


ewatchdogcircuit in 
Tiare 1 uses a single 
NAND_ Schmitt-trigger 

IC. The circuit is more cost- 
effectivethan dedicated, com- 
mercially available watchdog 
ICs. The circuit generates an 
active-high reset signal upon 


Ry 1N4148 
fanned F 


q 
5V 10 pF 


1 | 1N4148 4k TNaT a6 


power-up and remains in a 
low state as longas thecontrol 
input receives pulses. When- 


12 1 
ICip 
11 588)0 


me a 


10 pF 


OPTIONAL 
Si RESET 
SWITCH 


3 


00k 


CONTROL 


ever thepulsing at the control 
input stops, whether 
thecircuit isin ahigh or 
a low state, the circuit emits a 
reset signal. Upon power-up, both inputs 
of gate IC,. are low, forcing the Reset 
output to switch high and the Reset to go 
low. Thus, the outputs of both IC,, and 
IC,, are high. The high outputs charge 
the capacitors in the circuit, and, when 


IN 


This watchdog-timer circuit is a cost-effective alterna- 


tive to dedicated watchdog ICs. 


both inputs of IC,,, reach ahigh level, the 
Reset output goes low, and Reset goes 
high. Aslongasthecontrol input receives 
pulses, the outputs of IC,, and IC, de 
liver pulses. The pulses hold the input of 
gate IC, high and the Reset output low. 


When the control signal remains 
in ahigh state, C, begins discharg- 
ing. When the control signal 
switches low, the Reset output goes 
high. The same scenario prevails 
with C, when the control signal re 
mainslow. You can choosethe val- 
ues of R,, C,,R,, and C, as afunc- 
tion of the watchdog-time 
duration and thereset pulsewidth 
required. With the values shown, 
the circuit is appropriate for 
MCS51-family microcontrollers. 
The duration of the watchdog 
time is approximately 300 msec, 
and the reset pulse width is approxi- 
mately 10 msec. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 


Circuit translates I’C voltages 


Peter Liu, Optron X, Allentown, 


is Design Idea expl ores level- 
Taitng an |1?C bus from 5V/ 
ground (positive domain) to 
ground/—5V (negative domain). In 
multisupply systems, you sometimes 
face a situation in which digital infor- 
mation stored in logic circuits running 
from 5V to ground needsconversion to 
analog signals referenced to a negative 
supply. Converting from digital to 
analogin the positive domain and 
then level- shifting to referencetheneg- 
ative rail introduces errors and results 
in alarge component count. A better 
approach is to level-shift the digital 
data lines and convert with negative 
referenced A/D converters. |?C isabidi- 
rectional system employing a two-wire 
bus: one clock line and one data line. 
Pullup resistors and open-collector out- 
puts establish dominant-low signaling. 
Figure 1 shows a typical setup, in which 
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In this typical I?C configuration, the microcontroller is the master, and all the peripheral devices 


are slaves, 


the microcontroller is the master, and all 
the peripherals are slaves. Each devicehas 


a unique l?C address. The master always 
generates the clock, but, depending on 
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the desired direction of data flow, either 


the master or the slave could be 
the transmitter on the data line. 


To understand the level-shifting pro- 
cedure, consider thesimplecircuitin Fig- 
ure 2. The circuit level-shifts the clock 
line unidirectionally. Q, comes with a 
pnp, an npn, and four bias resistors, all in 
onesmall SOT-363 package. R, provides 
thenecessary pullup function in thepos- 
itivedomain, and R, doesthesamein the 
negative domain. The operation of the 
circuit is straightforward. When V , is set 
toV ,5,Q, remains off, so V_,,=0V (log- 
ic high). When V,, is set to OV, Q, ison, 
50 V 4y7=V_-¢ (logic low). This unidirec- 
tional circuit does not allow the master 
to detect when the slave holds the clock 
low. Therefore, if you desirel?C clock-ex- 
tension (wait-stating), you would need a 
bidirectional level-shifting circuit. 

Thedata lineneedsa bidirectional cir- 
cuit. Even when the master is transmit- 
ting, the master needs to detect when the 
negative-domain slave pulls the data line 
low on every ninth bit to acknowledge 
the transmitted byte. Also, when in- 
structed, the slave may need to transmit 
data back to the master. In the slave 
transmitter mode, the slave would have 
to detect when the master pulls the data 
line low on every ninth bit to acknowl- 
edgethetransmitted byte. Despite 
this added complexity, you can 
still accomplish the task with just five 
SOT-363-size packages and five discrete 
resistors (Figure3). To seethat the circuit 
in Figure 3 is topologically the same as 
theonein Figure2, assumetransmission 
gates |C, and IC, are on and ignore the 
lower half of the circuit for the moment. 
With SDA_POS set to V,,,,, Q, is off, R; 
and R, pull up to OV, resulting in 
SDA_NEG=O0V (logic high). With 
SDA_POS set to OV, Q, is on, so 
SDA_NEG~VEE (logic low). 

Now, trace the return path from slave 
to master. With SDA_NEG set to OV (log- 
ichigh), Q,isoff, and R, pullsSDA_POS 
up to V,,. With SDA_NEG set to V,, 
(logic low), Q, ison, and R,||R, forms a 
voltage divider with R, to yield 
SDA_POS~OV. You select R,, R,, and R, 
to yield V,,=5V andV,,=—5.2V. If de 
sired, you could use additional transistors 
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A bidirectional level shifter translates data and clock signals from positive levels to negative levels, 


and vice versa. 


to construct the return path so that it 
doesn’t depend on resistors to set logic 
levels. Transmission gates!C, andIC, and 
Schottky diodes D,, and D,, break the 
positive feedback path that would other- 
wise result when either master or slave 
pulls SDA to alogic low. Notethat, with- 
out these components, Q, and Q, would 
form alatch. The circuit in Figure 3 eas- 
ily meets |?C timing requirements at a50- 


kH zclock rate. For 100-kH z operation, it 
is best to usean MUN 5311, which has 10- 
kQ internal resistors instead of 22 kQ. 
You can usethesame bidirectional circuit 
in Figure 3 for the clock signal, to cover 
all the 1?C modes of operation. 


Is this the best Design Idea in this 
issue? Select at www.edn.com. 
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